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Original Communications 


MEDITERRANEAN DISEASE—THALASSEMIA 
(ERYTHROBLASTIC ANEMIA OF COOLEY) 


ASSOCIATED PIGMENT ABNORMALITIES SIMULATING HEMOCHROMATOSIS 


G. H. Wutpete, M.D., anp W. L. Braprorp, M.D. 
Rocuester, N. Y. 


HIS interesting disease presents three important abnormalities to- 

gether characterizing a syndrome which may be designated ‘‘ Med- 
iterranean disease.’’ The anemia alone is not a diagnostic factor and 
is usually associated with a progressive splenomegaly. The bone 
changes alone are not diagnostic, as very similar changes have been 
reported in sickle-cell anemia?" * and hemolytic jaundice. * The pig- 
ment abnormalities are of fundamental importance but alone do not 
make the diagnosis as we may find exactly similar pigment depesits in 
adult cases of hemochromatosis. 

The disease is also limited to the people who live about the Med- 
iterranean—lItalians, Greeks, Syrians, Armenians—and shows a strong 
familial tendency. We have reported the disease in identical male 
twins, and, if one would explain such coincidences on the probabilities 
of chance, it is necessary to indulge in astronomical figures. Obviously 
there is some inherited defect which is responsible for the total ab- 
normality involving hemopoietic tissues, bone growth, and pigment 
metabolism. 

We reported in detail four years ago the clinical and autopsy find- 
ings in a typical case of this disease.2* As the pigment abnormalities 
there described had not been noted in other published reports, we could 
not stress the importance of these findings. We now report in detail 
three more cases with complete autopsy reports. We have had oppor- 
tunity to study certain organ tissues from two other cases kindly sent 
us by Dr. T. B. Cooley. All this material gives us reasonable security 
in our belief that the pigment deposits are just as characteristic of this 


From the Departments of Pathology and Pediatrics, the University of Rochester 
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disease complex as are any other factors. The pigment abnormalities 
simulate hemochromatosis in the adult and are remarkably uniform. 
[ron-containing pigment is abundant in liver, pancreas, lymph glands, 
gastric mucosa, thyroid, and adrenals. The same pigment is usually 
demonstrable in Brunner’s glands, salivary and mucous glands, para- 
thyroids, hypophysis, heart muscle, kidney tubules, spleen, and bone 
marrow. Pigments normally present in the body—for example the 
reticular zone of the adrenal, the epidermis, the choroid plexus and the 
interstitial cells of the testis—are as a rule increased in amount in these 
cases. 

This disease presents a uniform clinical picture consisting of a pro- 
gressive anemia beginning usually during the first two years of life 
and terminating in death in most instances before adolescence. The 
blood pieture, though not distinctive, is uniform and is characterized 
by marked irregularity in the size and shape of the red cell, fragmenta- 
tion, and erythroblastosis. All stages of erythropoiesis may be seen 
in the peripheral blood. The hemoglobin distribution within the ma- 
tured red cell may be very irregular. After splenectomy showers of 
nucleated red cells always oceur. 

Definite retardation of growth results. In Case 8 (E.S.) only two 
carpal centers of ossification were found at four years while her normal 
twin sister had four. 

As the disease progresses, the typical mongoloid features develop, 


probably because of bone changes. In certain cases the icterus index 
of the blood is slightly elevated but lends little support to the idea 
formerly entertained, that the disease is due to hemolysis. 
Enlargement of the spleen is proportionally greater than that of the 
liver, but, when the former is removed, the latter seems to increase in 


size. 

To this group of clinical features the addition of the interesting ab- 
normalities which occur in the bones, the unusual pigment disturbances, 
and the racial and familial distribution completes a characteristic syn- 
drome. 

LITERATURE 


It is not necessary to review the literature of this disease as this has 
been done adequately in recent papers by Baty, Blackfan and Diamond,’ 
Parsons and Hawksley,’"* and Yaguda.** Yaguda suggests that the 
erythroblastosis of the newborn be classified with this disease as de- 
seribed by Cooley, but we can see no merit to this suggestion and feel 
that it would only lead to confusion. Cooley did a great service when 
he defined clearly the clinical syndrome designated by him as ‘‘erythro- 
blastic anemia’’ and separated it from a group of unrelated anemias and 
splenomegalies. The erythroblastoses of the newborn have only one 
thing in common with this disease (thalassemia), but they are not racial, 
nor do they show bone and pigment abnormalities. 
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Anemia and erythroblastosis in these children is not sufficient alone 
to make the diagnosis, as Bennett, Hunter and Vaughan* have reported 
an identical blood picture in adult celiae disease or idiopathic steator- 
rhea. This anemia, however, yields to iron therapy. 

It has also been pointed out by Baty, Blackfan and Diamond’ that the 
marrow changes found in these children (thalassemia) are similar to the 
marrow histology of pernicious anemia during relapse. Their report 
gives admirable illustrations of marrow and spleen histology. We have 
been impressed with the variety of changes which may be found in the 
marrow and spleen in our material. Possibly the picture may vary 

















Fig. 1.—Case 4. Photomicrograph of heart muscle showing black grains of iron- 
containing pigment (magnification x 425). 


somewhat depending upon the stage of the disease which happens to 
be represented. Both spleen and marrow may show chronic states of 
hyperplasia in which stroma and ‘‘foam cells’? may dominate the pic- 
ture in contrast to the active cellular stages often illustrated.t These 
‘*foam cells’’ have been noted by others,’ and at least in one case led to 
the diagnosis of Gaucher’s disease from an examination of spleen 


alone.'? 
GENERAL PATHOLOGY OF THALASSEMIA 


This is a composite picture of the autopsies studied by us. The 
mongoloid features are usually definite. General edema is quite com- 
mon and may be related at least in part to the anemia. The fluid in 
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the serous cavities may be of a yellow color but usually shows no uro- 
bilin and no bile pigment. The anemia is probably also responsible for 
the fatty changes noted in the liver, heart, and kidney. 

Heart may be enlarged, is pale and decidedly brown in color. Fine 
fat droplets and excess pigment are found in the heart muscle cells. 
Some of the pigment is lipochrome and some gives a strong test for iron 
(Fig. 1). This iron staining pigment is not always present. 

Lungs usually show edema and perhaps bronchopneumonia. 

Liver is enlarged and shows a deep buff or bronze color. The sur- 
face is smooth, and the lobulation is regular. The liver cells show fat 
droplets usually conspicuous in the center of the lobules. The liver 
cells are filled with a fine granular yellow pigment, most of which gives 
a strong test for iron. This pigment is more abundant in the marginal 
half of the lobule. Chemical analyses show about ten times the amount 
of iron found in normal liver tissue. The pigment is found almost 
wholly in the hepatic epithelium and not at all in the biliary duct 
epithelium. Kupffer cells show some pigment which is usually non- 
iron containing. Marrow cells in small nests may be found in some 
eases in the capillaries of the liver lobules. Gallbladder mucosa may 
show a brown color because of granular yellow pigment in the mucosa 
and the submucosa, and it is negative for iron. 

Pancreas may be very distinctive grossly and presents a deep buff or 
bronze color. It is of normal size and is not indurated. The acinar 
cells may be very rich in granular yellow pigment much of which re- 
acts to iron stains (refer to our first paper®* for illustrations). This 
pigment is found only rarely in the epithelium of the islets but is com- 
monly more abundant in the acini close to the islets. This distribution 
may be related to vascular supply. 

Serous and Mucous Glands.—The mucous glands of the pharynx and 
trachea as well as the salivary glands usually show pigmentation, and 
much of this pigment reacts strongly with iron stains. 

Gastrointestinal Tract.—The stomach in gross may show a deep pig- 
mentation, often confused with postmortem staining. The acinar 
epithelium in this mucosa may be very rich in a yellow granular pigment 
which stains for iron. The chief cells and not the acid cells contain 
most of this pigment (refer to our first paper for illustrations*?). Du- 
odenum, jejunum, ileum, and colon show no iron-staining pigment in 
their mucosa; but Brunner’s glands in the duodenum often do contain 
iron-staining pigment granules in the epithelium. The smooth muscle 
of the intestinal tract does not show deposits of pigment. 

Genitourinary Tract.—Kidneys are a little enlarged and pale. There 
is usually a brownish color noted. Pigment is found in the epithelium 
of some tubules but not in others. Henle’s tubules are often outlined 
by this pigment deposit (Fig. 2), some of which stains for iron and 
some not. Glomeruli, stroma, and collecting tubules are usually nor- 
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mal. Fat stains show a good many fat droplets in the convoluted tubu- 
lar epithelium. A few casts are often present. Bladder is usually pale 





Fig. 2.—Case 4. Photomicrograph of kidney tubular epithelium containing black 
grains of iron-staining pigment (magnification 425). 





Fig. 3.—Case 5. Photomicrograph of testis with fine black grains of iron-containing 
Pigment in the endothelium of several capillaries (magnification 700). 


and normal. The prostate is usually normal and nonpigmented but the 
immature acini in some cases may show lipochrome. Testis shows a 
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deep brown color in gross and much pigment in sections. Coarse granu- 


lar pigment, which is negative for iron, is found in the interstitial 


tissue. Fine pigment grains rich in iron are often found in the capillary 
endothelium of the testis (Fig. 3) but the immature seminiferous tubules 
usually contain no pigment. Ovarian tissue shows nothing of interest. 
Spleen is always much enlarged and may approximate one-half the 
size of the liver. It may show infarets and adhesions. The gross pic- 
ture suggests a chronic process; the organ is firm and hard and presents 
a sharp cut surface which is not velvety, suggesting much connective 


> 


Fig. 4.—Case 3. Photomicrograph of retroperitoneal lymph gland which shows 
metaplasia: megakaryocyte (left), myelocytes (below), and foam cells (center), as 
well as normal lymphocytes (above), and gland capsule (left) (magnification x300). 


tissue increase. The histology varies with the stage of the disease, its 
rapidity of progress, and probably many other factors. The lack of 
pigment is conspicuous, and the spleen contains little iron in contrast 
to the liver and pancreas. Chemical analyses show less iron than normal 
(15 to 30 mg. per 100 gm. of fresh tissue). There is evidence of meta- 
plasia and marrow activity in some areas of the spleen, with myelocytes, 
nucleated red cells, and megakaryocytes. Other parts may show accumu- 
lation of foam cells and great stroma increase. These foam cells at best 
give a faint pink color with fat stains. The malpighian corpuscles are 
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- approximately normal but may be small. The trabeculae may show 
hyaline changes and in such areas often show deposits of iron and 


calcium. 

Lymphatic Tissue-—The lymph glands are usually much enlarged and 
may have a definite pink color or again a definite brown color like the 
liver. This includes cervical, bronchial, retroperitoneal, and mesenteric 
glands. Pigment is a conspicuous feature and is abundant in the gland 
sinuses as though coming into the gland from tissues outside of the gland. 
Much of it stains strongly for iron, but the larger pigment granules 
often do not stain for iron. Some may give a positive stain for hemo- 














Fig. 5.—Case 5. Photomicrograph of thyroid. The alveolar epithelium is filled with 
black grains of iron-staining pigment (magnification 365). 

fuscin. Marrow metaplasia is seen in a few glands, and we may ob- 
serve nests of myelocytes, nucleated red cells, and megakaryocytes. 
Foam cells are found in some lymph glands (Fig. 4). The germinal 
follicles are usually normal and appear active, but occasionally we ob- 
serve a granule of iron-staining pigment in these cells. The solitary 
follicles and Peyer’s patches of the intestine are usually normal. Only 
rarely is a cell noted containing a few granules of iron-staining pigment. 

Thymus shows moderate regressive changes but no pigment deposits. 

Blood Vessels—Some of the moderate sized arterioles of the lungs, 
kidney, and mesentery may show accumulation of fine yellow granules 
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of iron-free pigment in the smooth muscle layers. Endothelium may 
contain iron-staining and iron-free pigment in the capillaries of the 
spleen, testis, thyroid, liver, lymph glands, and striated muscle. 
Ductless Glands.—Thyroid is always strongly pigmented and in gross 
presents a deep brown color. The acinar epithelium is rich in fine yellow 
pigment granules which give a strong test for iron (Fig. 5). No pig- 
ment is found in the colloid. The general structure appears normal, 
and the epithelium is well preserved. Parathyroids are usually normal 
but in some eases present a small amount of fine pigment granules 








Fig. 6.—Case 5. Photomicrograph of adrenal cortex with iron-staining pigment as 
black granules in the glomerular zone only (magnification X70). 


which stain for iron in the cell protoplasm. Adrenals as a rule are 
smaller than normal and show a thin highly pigmented cortex. Iron- 
staining pigment is abundant in the glomerular zone (Fig. 6) and 
finely granular noniron-staining pigment is abundant in the reticular 
zone of the cortex. The medulla is normal. 

Hypophysis may be somewhat pigmented and sometimes shows iron- 
staining pigment in the glandular portion. The general structure is 
normal. Skin is somewhat pigmented in gross, but in these races the 
skin is rather dark. There may be a little increase of yellow pigment 
in the basal cell layer of the skin, but we have never observed any iron- 
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. Staining pigment in this area. Muscles show no abnormal pigmentation 
except the heart (Fig. 1). The striated skeletal muscles are rather 
paler than normal and show no evidence of pigment except rarely in 
the endothelium of capillaries a granule of iron-staining pigment. 


Bones and Marrow.—The changes in the bone are of two types: an 
atrophy of the bone trabeculae and shafts of various bones and a 
proliferation of new bone of rather delicate structure in association with 
the characteristic thickening of the calvarium, which shows peculiar 
radial markings in the x-ray film. The ribs as a rule show this same 
proliferation which causes a fusiform thickening in the rib shaft usually 
close to the tubercle and not extending much beyond the axillary line. 


Marrow changes have been described frequently and pictured by us”? 
and others.*. There is a great marrow hyperplasia as in primary anemia, 
and the parent stem cells of the marrow are very abundant. Nucleated 
red cells are numerous. Myelocytes of all types are numerous. Mega- 
karyocytes are numerous and normal. Phagocytes are present in goodly 
numbers and many contain hemosiderin in small amounts. The foam 
cells may occur in small or large islands, and there may be in places 
some fibrosis of the marrow. 


Case 3.—(No. 19247.) J. S., an Italian boy, was born Oct. 29, 1928, and died 
Oct. 31, 1933. The clinical record in detailed chronologic order from birth until 
Oct. 6, 1931, was published in our first report.22 Since it has been possible to study 
this case in detail throughout life, the remainder of the clinical course is deséribed 
in similar manner below. 

The sixth admission (Oct. 6 to Oct. 31, 1931) was when the boy was three years 
old. 

October 6: The blood count was as follows: red cells, 2,600,000; white cells, 
33,600; hemoglobin, 30 per cent. The differential count was as follows: poly- 
morphonuclears, 37.5; eosinophiles, 0.5; lymphocytes, 59; mononuclears, 3. A smear 
showed marked anisocytosis, poikilocytosis, some basic stipling, a few Howell-Jolly 
bodies, and many nucleated red cells (258 per hundred white cells). 

Roentgenograms of the skull and upper extremities suggested that the bone 
changes had increased since the last examination on June 24, 1930. 

October 7: The blood uric acid was 4.0 mg. per 100 ¢.c.; the plant pigments, 
0.088 mg. per 100 e.c. 

October 8: The following measurements were found; circumference of head, 
52.5 em.; circumference of chest, 49.5 em.; circumference of abdomen, 37.5 em. 

Stool examination was normal. 

Urine examination was normal. 

During this admission parathormone was given to note the effect upon the blood 
calcium. A basal metabolism test was done. The determined heat production was 
10 per cent above the expected heat production for a three-year-old child. 

October 9: The blood calcium was 10.4 mg. per 100 ¢.c.; the blood phosphorus 
was 4.4 mg. per 100 c.c. 

One minim of parathormone was injected daily for three days, at the end of 
which time the calcium was 9.6 mg. The dosage was increased to 2 minims per 
day for three days. The calcium was then 10.8 mg. It was further increased 
to 3 minims daily for three days, and a final caleium value of 10.8 mg. was 
obtained. 
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Nov. 3, 1931 to March 23, 1932: The patient returned to the out-patient de- 
partment ten times. 

November 4: The weight was 13.2 kg. An acute respiratory infection was 
present. The blood examination revealed hemoglobin, 55 per cent; red blood cells, 
2,900,000. Treatment: spleen extract was ordered to be given by mouth. 

November 27: The body weight was then 12.4 kg. Blood examination revealed 
hemoglobin 45 per cent; red cells, 4,500,000. There was a severe cough without 
fever. 

December 11: The cough was better. The body weight was 12.4 kg. Blood 
examination revealed hemoglobin, 40 per cent; red blood cells, 3,040,000. 

January 8, 1932: The body weight was 12.6 kg. The general condition re- 
mained the same. Blood examination showed hemoglobin, 48 per cent; red blood 
cells, 2,680,000. 

January 22: The blood pressure was systolic, 102; diastolic, 78. Examination 
of the blood showed the hemoglobin was 48 per cent: Since Oct. 21, 1931, the patient 
had been receiving secondary spleen extract. Today he was placed on a mixture of 
the secondary and of the pernicious anemia fraction of spleen, the dosage being 
4 teaspoonfuls daily. 

February 1: A recent head cold still existed. 

February 26: Blood examination showed the hemoglobin to be 50 per cent; the 
red blood cells, 3,410,000. 

March 11: The patient weighed 12.8 kg. The hemoglobin was 52 per cent; 
the red blood cells, 3,280,000. 

Seventh admission was from March 23 to April 6. Blood examination showed 
hemoglobin, 55 per cent; red blood cells, 3,120,000; white blood cells, 48,000. The 
differential count showed; polymorphonuclears, 37; eosinophiles, 5; basophiles, 1; 
lymphocytes, 47; mononuclears, 7; degenerate cells, 8; nucleated red cells, 79 per 
hundred white cells. 

The smear showed very marked changes in the size and shape of the red cells. 


Polychromatophilia, basophilia, stipling, and numerous shadow cells were found. The 


platelets were plentiful. 
March 25: A sugar tolerance test was performed. Thirty grams of glucose were 
given by mouth. The following values were obtained: 


Fasting: 78 mg. per 100 c.c. 
$ bes 98 mg. per 100 c.c. 
14 hr.: 84 mg. per 100 c.e. 
23 hr.: 91 mg. per 100 c.c. 
43 hr.: 98 mg. per 100 c.c. 


April 1: The plant pigments of the blood were 0.035 mg. per 100 e.c. The 
vitamin A content was found to be 13 units per 100 c.c. 

April 4: A roentgenogram of the skull showed a definite increase of thickness, 
particularly in the posterior portion. Radial striations were more marked. 

April 6: <A sugar tolerance test was repeated. Thirty grams of glucose were 
given by mouth, with the following results: 


Fasting: 71 mg. per 100 c.c. 
mg. per 100 e.c. 

mg. per 100 e.c. 

mg. per 100 -c.c. 

5 mg. per 100 c.c. 

mg. per 100 c.c. 
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During this stay in the hospitai, 10 ¢.c. of cortin were given daily by intra- 
muscular injections for a period of ten days. No favorable effect upon the blood 
count was observed. 

April 20 to June 7: Nine visits to the pediatric out-patient were made. 

April 20: The weight was 13 kg. 

The hemoglobin content of the blood was 52 per cent; the red blood cells, 
3,500,000; the white blood cells, 35,000. 

May 1: The urinary sediment examined according to the method of Rous!5 
revealed no evidence of urinary siderosis such as occurs in hemochromatosis. 
Extralin (Lilly) (5.5 gm. = 200 gm. of liver digested with stomach) was started in 


doses of 2 teaspoonfuls daily. 
May 18: The hemoglobin was 50 per cent. 
Extralin (Lilly) (0.125 ¢.c. intramuscularly) was given. It was continued for 


several injections as follows: 


May 21: 0.25 c.c. 
May 24: 0.5 c.c. 
May 28: 0.75 c.c. 
May 1.0 ee. 
June 4: 1.25 e.e. 
June 7: 1.5 e.e. 


Eighth Admission (June 12 to June 28): The patient was admitted because of 
swelling of both parotids with edema of face: diagnosis, mumps. 

The blood examination revealed: hemoglobin, 5 gm.; red blood cells, 3,000,000; 
white blood cells, 7,400; polymorphonuclears, 37 per cent; lymphocytes, 52 per 
cent; mononuclears, 11 per cent; nucleated red blood cells, 7 per hundred white 
cells. 

June 16: During convalescence a sugar tolerance curve was obtained after 25 c.c. 
of a 50 per cent solution of glucose were given intravenously (12.5 gm. or approxi- 
mately 1 gm. of glucose per kilogram of body weight). The following values were 
obtained : 

‘asting: 64 mg. per 100 c.c. 
hr.: 187 mg. per 100 e.c. 
hr.: 130 mg. per 100 c.c. 

4 hr.: 77 mg. per 100 e.c. 
hr.: 48 mg. per 100 c.c. 
hr.: 56 mg. per 100 e.c. 


June 18: The blood serum proteins were 7.85 per cent by the refractometer 
method. 

June 26: An x-ray examination of the skull revealed findings similar to those 
observed on April 4, 1932, 

July 12 to December 13: Thirteen visits were made to the out-patient depart- 
ment. 

July 12: The weight was 13.4 kg. He had been receiving fetal liver extract 
in dosages of 2 teaspoonfuls daily since June 28. 

August 8: The blood counts were found to be hemoglobin, 46 per cent; red blood 
cells, 2,690,000; white blood cells, 16,000. There were 108 nucleated red cells per 
hundred white cells. 

August 29: The plasma phosphotase was found to be 8.7 units, 

September 19: A study of the blood by wet preparations for sickling failed to 
reveal such a tendency. 

October 13: The patient fell and produced a fracture of the lower third of the 


left fibula. A plaster cast was applied. 
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October 18: The blood calcium was 10.8 mg. per 100 e.c.; the blood phosphorus, 
3.8 mg. per 100 c.c. 

Bone marrow extract (1 teaspoonful daily) was commenced. The blood hemo- 
globin was 38 per cent; the red blood cells, 3,660,000; the white blood cells, 42,250. 
The Schlesinger test on the urine revealed no evidence of urobilogen. 

November 11: An x-ray of the left tibia revealed some new bone formations at 
the site of the recent fracture. 

November 15: The hemoglobin value was 42 per cent; the red blood count, 
3,000,000. Wet preparations of blood again revealed no evidence of sickling; 
marked fragmentation was now observed, however. 

Ninth Admission (December 13 to December 16): The patient was brought in 
this time for special studies. The body measurements were length, 97 cm.; circum- 
ference of the head, 55.5 em.; circumference of the chest, 51.0 em.; circumference 
of the abdomen, 46.0 ecm. 

December 15: Blood volume studies were made by Dr. Alberto Hurtado. We 


are indebted to him for the following report: 


Age, four anl one-half years; body weight, 14 kg. 

Red cells, 3,330,000 

Reticulated red blood cells, 18.4 per cent 

Hematocrit—red blood cell percentage, 25.0 per cent 
Hematocrit—plasma percentage, 72.8 per cent 

Mean corpuscular volume, 75 cubie microns 

Mean corpuscular hemoglobin, 19.6 micromicrograms 

Mean corpuscular hemoglobin concentration, 26.1 per cent 


Total plasma volume, 767 c.c. 
Total plasma volume per kilogram body weight, 54.8 e¢.c. (average, 50 cubic 


centimeters) 
Total blood volume, 1,053 c.c. 
Total blood volume per kilogram body weight, 75.2 ¢.c. (average, 72 c.c.) 
Red blood cell volume, 263 ¢.c. 
Red blood cell volume per kilogram body weight, 18.8 ¢.c. (average, 22 c.c.) 
Hemoglobin per hundred ecubie centimeters of blood, 6.53 gm. 
Total circulating hemoglobin, 69 gm. 
Total cireulating hemoglobin per kilogram of body weight, 4.92 gm. 
Blood viscosity, 4.0 (normal 4-4.5) 


December 16: Determination of the blood lipids resulted in the following 
values: 
Total lipids 586 mg. per 100 e.c. 
Cholesterol 148 mg. per 100 e.c. 
Fatty acids 438 mg. per 100 e.c. 
Lecithin 179 mg. per 100 c.c. 
Residual fat 245 mg. per 100 c.c. 


December 17: The stool fat was 38 per cent of dry weight (normal, about 33 
per cent ). 

January 17, 1933 to October 13, 1933: Nineteen visits to the out-patient depart- 
ment were made. 

January 17: An acute upper respiratory infection existed. The hemoglobin 
was 41 per cent, the red blood cells, 2,630,000, 

February 14: The weight was 13.8 kg. Bile (ox gall, Lilly), 5 grains twice 
daily, was now tried as a form of therapy. The blood showed hemoglobin, 42 per 
cent; red blood cells, 2,520,000; white blood cells, 64,000. 

February 28: Blood examination revealed hemoglobin, 35 per cent; red blood 
cells, 2,450,000. 
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_ April 25: The hemoglobin was 38 per cent (6.6 gm.), and the red blood cells, 
2,370,000. 

Thymus extract, 2 grains three times daily (1 grain = 8 gm. fresh thymus), was 
started. 

May 23: The hemoglobin was found to be 37 per cent (6 gm.), and the red 
blood cells numbered 3,700,000. 

July 18: Swelling of the eyelids and enlarged cervical nodes were observed. 
The cardiac murmur had become more rough. The rate was rapid. 

August 15: Ventriculin and dilute hydrochloric acid were prescribed. 

September 5: The hemoglobin was now 37 per cent (5.7 gm.); red blood cells, 
2,580,000. Lextron (Lilly), 1 teaspoonful three times daily, was started. 


chart A case 3 
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Chart A.—Case 3. Explanation of dosages. Jron, saccharated ferrous carbonate 
0.3 gm. t.id.; u-v. light, ultraviolet rays, six treatments; yeast, one-half teaspoonful 
t.i.d.; liver extract, No. 55, one-half ampule daily (50 gm. liver) ; copper, 2 c.c. of 0.5 
per cent solution of copper sulphate daily (0.02 gm.); 7, blood transfusion, fifteen 
(total, 2020 c.c.); iron and liver, iron as above, liver daily in diet; splenectomy ; 
pituitary, anterior lobe, 0.13 gm. t.i.d.; parathormone, 3 minims daily for nine days; 
spleen extract, secondary, one teaspoonful b.i.d.; spleen extract, secondary with P. A. 
fraction, four teaspoonfuls daily; cortin (adrenal cortex extract), 5 c.c. b.iid. for 10 
days; extralin, 0.125 to 1.5 c.c. daily, intramuscularly; fetal liver extract, two tea- 
spoonfuls daily (150 gm. of fresh whole fetal liver) ; bone marrow extract, one tea- 
spoonful b.i.d.; pancreatin, one teaspoonful daily; bile, 0.65 gm. daily; liver extract 
with pancreas, two teaspoonfuls daily ; thymus extract, 2 grains t.id. (1 grain=8 gm. 
of fresh thymus); ventriculin, one teaspoonful b.i.d.; lextron, one teaspoonful t.i.d. 


October 3: The heart was obviously enlarged. The hemoglobin was 32 per cent 
(4.8 gm.) ; red blood cells, 1,950,000; white blood cells, 30,600. 

Tenth and Final Admission (Oct. 13, 1933 to Oct. 31, 1933): The patient was 
readmitted to the hospital because of progressive weakness, edema, and cardiac 
dilatation. 
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October 13: Blood examination showed: hemoglobin, 30 per cent (3.7 gm.) ; red 
blood cells, 1,840,000; white blood cells, 33,000. The body measurements were 
as follows: length, 97 em.; circumference of head, 58 em.; circumference of chest, 
51.5 em.; cireumference of abdomen, 52 em, 

The blood typing, according to the Moss system, was found to be Group III. 

October 14: The red cell volume was 14.3 per cent. 

The total serum proteins were 7.29 per cent; albumin, 3.33 per cent; globulin, 3.58 
per cent. 

Blood lipid studies now revealed: 


Total lipids 585 mg. per 100 c.c. 
Phospholipid 85 mg. per 100 c.c. 
Residual fat 404 mg. per 100 c.c. 
Fatty acids 505 mg. per 100 c.c. 


The eleectrocardiographic report was as follows: P-R interval, 0.15 sec.; QRS., 
0.06 see.; rate, 126; S-A tachycardia; right ventricular preponderance. 

October 21: A blood culture remained sterile. 

In the urine a trace of albumin and occasional casts were found. 

It was evident that during this final admission the patient’s condition was rapidly 
becoming worse. 

October 29: Rales were heard throughout both lung bases, the heart dilated 
further, and death occurred on Oct. 31, 1933. There was some evidence of a gastro- 
intestinal infection during the latter days of life. A stool culture at this time re- 
vealed a gram-negative bacillus belonging to the paratyphoid A group. 


The clinical diagnosis was Mediterranean anemia, pericardial effu- 


sion, bronchopneumonia terminal. 


AUTOPSY 


J. S., white, male, aged five years, A-2414. The child died Oct. 31, 1933, at 
:30 a.M. Autopsy was performed by one of us (G. H. W.) the same day at 
730 A.M. 

Anatomic Diagnosis.—Anemia with hyperplasia of hemopoietic tissue. Abnormali- 
ties of the bony skeleton. Pigmentation of viscera, lymph glands, gastric mucosa, 
and duetless glands. Fatty degeneration of myocardium and liver. Slight broncho- 
pneumonia. Subcutaneous edema. Hydropericardium. Laparotomy wound (splenec- 
tomy). Thalassemia. 

The body was that of a somewhat emaciated Italian boy, five years old, measuring 
100 em. in length. Rigor mortis was well established. There was an old sear in the 
left half of the abdomen, running along the inner surface of the rectus for a dis- 
tance of about 10 em, and then laterally for a distance of about 8 em. (splenectomy). 
The dorsa of the feet showed pitting edema. There was considerable edema of the 
face, particularly the eyelids and scalp. The eyes were completely closed by this 
edema. The head appeared very large. The skin seemed to show no abnormal 
pigmentation. Histologically the skin showed pigment in its basal cell layer, but 
its amount was not unusual, and it gave no stain for iron, The sweat glands con- 
tained no pigment. On incision, the subcutaneous fat was scant in amount and of 
a rather brownish yellow color. The striated muscles were decidedly pale and 
somewhat atrophic. The abdominal cavity contained no free fluid. There were old 
adhesions beneath the operative wound. The bladder contained a good deal of 
urine. The liver protruded several centimeters below the costal margin and was 
much enlarged. The spleen was absent. No accessory spleen was found. The 
thorax had a normal contour, and there was no evidence of beading or deformity 
due to rickets. The mediastinum showed very little fat. Both pleural cavities 
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were free of fluid. The lungs were voluminous, The pericardial cavity contained 
a considerable amount of clear lemon yellow fluid, about 70 to 80 ec.; no bile pig- 
ment nor urobilin was present in this fluid. The pericardial surfaces were all 
smooth, and there was no apparent cause for this accumulation of fluid in this 
cavity whereas all the other cavities were free of fluid. 

The thymus was atrophic although it extended over the parietal pericardium for 
a distance of 2 to 3 em. The thymus had a definite yellowish brown pigmentation 
but was very thin. The lobes were clearly marked out. Histologically the thymus 
showed aplasia and no deposits of pigment. 

Heart weighed 160 gm. It was of normal size. The epicardium was smooth and 
glistening. The epicardial fat was not abundant. All cavi*tes of the heart con- 
tained tenacious, gelatinous clots, obviously rich in fibrin. The intima throughout 
all cavities was smooth and normal. The myocardium of the right ventricle was a 
little pale, but the myocardium of the left ventricle showed a typical mottling or 
tigering associated with anemia and fatty degeneration. Histologically the heart 
muscle fibers contained a good deal of yellow granular pigment resembling the usual 
lipochrome pigment and commonly situated at the poles of the nuclei. Some of 
this pigment gave a strong reaction for iron (Fig. 1). Fine fat droplets in muscle 
fibers were readily stained. 

Lungs.—The left lung weighed 100 gm.; the right, 140 gm. Both lungs were 
voluminous and similar in every respect. The bronchi contained a little mucus. The 
bronchial lymph glands were enlarged and somewhat pigmented, but of a definite 
reddish tint as though hyperplastic. One or two of them measured at least 1 or 2 
em. in diameter. The pulmonary vessels were negative. Cut section in general was 
a pale pinkish gray color, and the tissue was air containing. A few dark, reddish 
pink areas gave the impression of recent consolidation. These areas occurred here 
and there, some in the upper and others in the lower lobes. Histologic sections 
showed acute bronchitis, edema and early bronchopneumonia. 

Spleen was previously removed and described by us.22. This spleen showed the 
cellular type of reaction (probably early stage) as contrasted with the other 
spleen reported in the same paper. Pigment was fairly abundant, and some of it 
gave a positive test for iron. 

Gastrointestinal Tract.—The esophagus was pale. The fundus of the stomach 
showed an intact mucosa. It had a definite golden brown tint, the mucosa being 
obviously pigmented and the smooth muscle very pale. The mucosa close to the 
pylorus was pale and smooth, unpigmented. The pylorus was normal. The duodenum 
appeared normal and unpigmented as was the small intestine. Peyer’s patches in 
the ileum were somewhat enlarged but did not measure over 1 to 2 mm. in thick- 
ness. They might have been slightly pigmented, but they did not have the reddish 
color of the mesenteric lymph glands and appeared to differ sharply from the body 
lymph gland tissue in this respect. The appendix was normal. The large bowel 
showed a pale, nonpigmented mucosa and easily seen but not enlarged solitary 
follicles. The rectum was normal. Histologically the stomach showed a normal struc- 
ture but for pigment granules in the epithelium of the acini deep in the mucosa (see 
earlier paper22 for illustration, Fig. 3). This pigment gave a strong test for iron 
and was found in the chief cells not in the acid cells. This pigment was not found 
in the mucosa of the duodenum. Brunner’s glands showed a little pigment which 
gave a faint stain for iron. The mucosa of the jejunum and ileum was normal 
and pigment-free, but Peyer’s patches showed small amounts of yellow granular pig- 
ment. Some of this might stain for iron. Appendix showed a slight inflammatory 
reaction. Colon showed normal mucosa and solitary follicles with no pigment. 

Pancreas was a little enlarged and rather firm. The lobulation was regular. 
It had the color of maple sugar, a deep buff color as noted in the other cases. 
Histologic sections showed much pigment in the pancreatic acinar cells particularly 
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adjacent to islets but not in the islet epithelium. This pigment all gave a strong 
blue reaction to the iron stain. Many acini were free from iron deposits, and 
some contained fine granules only, but many contained large coarse pigment gran- 
ules, and some epithelium appeared to be degenerating because of large pigment 
deposits. There was no increase in stroma (see characteristic illustrations in our 
first paper,22 Figs. 4 and 35). 

Liver weighed 810 gm. It was definitely enlarged. The capsule was transparent, 
and through it could be seen the deep reddish brown parenchyma. This appearance 
was identical with the other cases of this type and indicated considerable pigment 
deposit. The consistency of the liver was normal. Lobulation was regular. There 
was some central yellowish tinting of the dark brownish color of the lobules. The 
gallbladder contained rather thin, brownish bile. The mucosa of the gallbladder 
had a pale brown tint after washing. The biliary passages were pale and normal 
elsewhere. There was bile present in the duodenum, Chemical analysis of the liver 
parenchyma showed 292 mg. Fe per 100 gm. fresh tissue. Histologic sections showed 
heavy pigment deposits in the hepatic epithelium particularly in the marginal half 
of each lobule. This pigment in the marginal half of the lobule gave a positive iron 
stain, but in the central half the pigment did not stain strongly for iron. The 
granular pigment was conspicuous in the Kupffer cells and did not stain for iron. 
The central half of the lobules showed large fat droplets in the liver cells and oc- 
easional focal necroses. There were no marrow cells seen in the lobules, but about 
the bile ducts were occasional nests of mononuclear cells. The gallbladder showed 
pigment granules in the epithelium and also in the submucosa especially at the 
erests of the folds. This pigment was negative by iron stains. 

Kidneys.—The left kidney weighed 120 gm.; the right 120 gm. They were 
perhaps somewhat enlarged. The capsules stripped off easily, leaving a pale brown 
surface. On section the cortex measured 6 mm, in thickness. The striations were 
perfectly regular. Cut section seemed to have a definite pale brown pigmentation 
throughout. The glomeruli were hard to see. The pyramids were very pale. The 
pelves were normal. Chemical analysis of the kidney parenchyma showed 3.9 mg. 
Fe per 100 gm. fresh tissue, which is a low normal content. Histologic sections 
showed normal glomeruli and stroma. Many of the convoluted tubules showed 
epithelium which contained fine or coarse pigment granules which did not stain for 
iron. Occasionally one found a tubule which contained in its epithelium fine pig- 
ment granules giving a positive stain for iron (Fig. 2). The patchy distribution 
of this pigment was difficult to understand, but it explained the brown color of 
the renal cortex noted in gross. Casts were present in a few tubules. 

Pelvic Organs.—The prostate was small and pale and appeared to be normal 
grossly. Histologically there was no pigment. The bladder mucosa was pale and 
nonpigmented. The epididymes were pale and white. Testes were definitely pig- 
mented and showed a dark brown color. Histologically the testis showed much 
coarsely granular yellow brown pigment in the interstitial tissue. This pigment did 
not stain for iron nor hemofuscin. The immature tubules showed no pigment, nor 
did the endothelium of the blood vessels and capillaries. 

Ductless Glands.—The adrenals were perhaps a little smaller than normal. They 
were normal in outline and measured 3.5x2x.75 em. On section the outer 
part of the cortex was thin, yellow, and opaque in contrast to the thicker inner 
brown portion. The medulla, where it appeared, was a pale milky color. The 
cortex seemed to have a definite brown pigmentation. Histologic sections showed 
small amounts of an iron-containing pigment in the cells of the glomerular zone of 
the cortex (compare Fig. 6 from another case). There was much pigment that 
did not stain for iron. Fat stains showed abundant fat droplets in the cortical 
cells. The structures in general were normal. 
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The thyroid appeared to be of normal] size. It was removed after injection of 
formalin. It had the usual reddish brown color, but the brown was a little more 
conspicuous than in the normal thyroid. Lobulation was normal. The parathyroids 
were difficult to find. Histologic sections showed large amounts of iron-staining 
pigment in the majority of the acinar epithelial cells in the thyroid. No pigment 
appeared in the colloid (see Fig. 5). There was no fibrosis. Parathyroids (two) 
appeared to be normal and showed no pigment. 

The hypophysis was definitely small and the sella turcica shallow. The stalk 
was well marked. It was pale. Histologic sections showed no pigment and a normal 
structure. 

Vascular system was perfectly smooth and elastic throughout all large vessels. 
Tenacious clots could be pulled from a great many of the veins, even from the 
coronary veins. Striated skeletal muscles were normal and contained no pigment. 

Lymphatic System.—The absence of the spleen might account in part for the 
enlargement of the lymph glands, which was a conspicuous feature in the autopsy. 
The lymph glands in the mediastinum and about the bronchi had an appearance 
much like that of the spleen. Enlarged lymph glands in the neck and retroperitoneal 
region might have this reddish tint but again might have a conspicuous reddish 
brown color. Some of the larger ones measured from 1 to 1.5 em. in long diameter. 
They appeared to be rather moist and somewhat congested, although it was more 
the appearance of blood in the sinuses than of congestion of the capillaries of the 
gland. The lymph glands about the pancreas were conspicuously enlarged; some 
of them were srown in color, while others had a slight greenish brown cast, perhaps 
this pigment being added from the liver and pancreas. The lymph glands in the 
fan of the mesentery and along the large bowel were conspicuously enlarged. Most 
of these were of a distinct reddish color or had a reddish brown staining against 
the pale watery fat. Histologic sections showed much uniformity. The architecture 
was well preserved, and there was no chronic inflammation and fibrosis. The germi- 
nal follicles were large, active looking and nonpigmented. The sinusoids were filled 
with fluid and wandering cells. Red blood cells were numerous in many sections. 
Pigment was conspicuous, and much of it gave a positive iron stain. Some of the 
large pigment grains were a bright yellow and might give a positive stain for 
hemofuscin, but much of the pigment gave no reaction to any specific stains. Mar- 
row metaplasia was noted occasionally, and some sections showed large nests of 
myelocytes, nucleated red cells and megakaryocytes. Occasional nests of foam 
cells, as described in spleen and marrow, were found (Fig. 4). 

Skeletal System.—The skull cap was greatly thickened, and, when the scalp was 
turned back, it presented a definite mulberry color as though bone marrow was just 
beneath the periosteum. The calvariwm was enormously thickened, the thickness 
ranging from a fraction of a centimeter up to 2 em. In places the radial markings 
due to bone spicules and showing in the x-ray stood out clearly. The bone marrow 
between these trabeculae had a definite chocolate red color. This change seemed 
to involve all parts of the calvarium, tapering cff to the thin temporal bones. In 
spite of the fact that this bone looked rather soft and porous, it contained a good 
deal of structural bone and could not be cut with the knife. The base of the skull 
appeared to be normal. All of the venous sinuses were clear and contained tenacious 
postmortem clots. The ribs were enlarged in places, as described in other cases, 
but this fusiform enlargement did not involve the portions of the ribs close to 
the costochondral junctions but the part of the rib close to the tubercle. This has 
been described in other clinics. This was particularly true in the upper six or 
eight ribs. The lower three ribs showed involvement of the inner two-thirds. It 
appeared that the bone marrow filled all the spaces and really replaced most of the 
outer bony shell, filling up all spaces right up to the periosteum. In spite of this, 
the rib cut with some difficulty although it had not the toughness of normal rib. 
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The rib marrow had the same chocolate, dark red color as noted in the calvarium. 
Chemical analysis of the rib showed 33.5 mg. Fe per 100 gm. fresh weight, which 
is within normal limits. The bones of the vertebrae showed the same colored bone 
marrow, and the trabeculae were inconspicuous; the bones cut with only moderate 
difficulty, indicating definite thinning of the trabeculae. The shaft of the femur 
in its middle third was greatly thinned, measuring 1 mm. in thickness, All of the 
space inside of this shell was filled with dark cellular, chocolate, red bone marrow, 
but there was no deposit of this marrow between the periosteum and the shaft. 
Histologically the bony trabeculae were thinned, but there was no apparent over- 
activity of the osteoclasts. In the ribs the red marrow was found between the 
shaft and the periosteum, and in the calvarium the marrow actually invaded crevices 
in the periosteum. The red marrow presented a considerable variety in ribs, verte- 
brae, long bones, and calvarium, The marrow was very cellular, and few fat cells 
remained anywhere. Nests of parent marrow cells were conspicuous as were nu- 
cleated red cells and myelocytes. Phagocytes were found in moderate numbers. 
and some contained iron staining pigment. Megakaryccytes appeared in goodly 
numbers. Some parts of the marrow showed some fibrosis, and there were islands 
of foam cells, which might attain a considerable size. These groups of foam cells 
were usually in the marginal portion of the bone and close to trabeculae. This 
change was illustrated in our first paper,22 Fig. 7. 

Brain weighed 1280 gm. The dura was not thickened nor pigmented but was 
somewhat adherent to the calvarium. The pia arachnoid over the brain was delicate, 
and the brain appeared quite pale and normal in all respects. On section the brain 
was normal, and the choroid plexus was not pigmented. 


Case 4.—Auburn City Hospital (Dr. C. H. Maxwell), No. 9272. 


History.—M. D., an Italian boy, five years and ten months old, developed an 
acute upper respiratory infection on Jan. 17, 1932. When examined, he was found 


to be extremely ill. The temperature was 104° F. The respirations were rapid. 
The pulse was rapid and weak. He was markedly anemic. The skin was of dull 
yellowish tint. The head revealed some bossing, but only suggestive mongoloid 
features were observed. 

The heart was somewhat enlarged. A loud blowing systolic murmur was audible 
over the entire precordium. Many crepitant rales were heard over the lung bases. 
The pereussion note was unimpaired. The abdomen was distended and ascites was 
present. The spleen reached the crest of the ilium. The liver was palpated four 
fingerbreadths below the costal margin. ‘The legs were edematous. He grew rapidly 
worse and expired on the fourth day of illness. 

The past history revealed that birth had been of a normal spontaneous type. The 
birth weight was 4 pounds. He was one of twins, the other child weighing 5 pounds 
at birth. He was breast fed for two months, then was given a formula for eighteen 
months. Development was slow. He walked and said simple words at eighteen 
months. The first tooth erupted at fourteen months. He gained weight slowly and 
took food poorly. 

The liver and the spleen were found to be enlarged while he was still a small 
infant. He had been in the Auburn City Hospital on three different occasions 
for the treatment of anemia, poor appetite, mild respiratory infections, mumps, 
nosebleeds, and other minor conditions. During one of these admissions (Jan. 21, 
1931) it was noted that the facial expression was sad and pale. Edema of eye lids 
existed. The teeth were good. The tongue was coated. The tonsils were slightly 
enlarged. The head circumference at this time was 47 em.; the chest, 56 em. The 
lungs were normal. The heart was enlarged with the apex in the seventh inter- 
costal space. A loud systolic murmur was heard. The abdomen was large and 
protuberant with prominent superficial veins. The spleen was very large and hard. 
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The father and mother and ten other siblings constituted the family. A twin 
brother and a two-year-old brother suffered from the same type of anemia. There 
was no evidence of other types of familial illness within the family. 
The observations on the blood are reported in Table I. 


TABLE I 


une POR .  spieenin MONO- NUCLEATED 
sata D WHITE MORPHO- ~ NU- RED CELLS 
DATE GLOBIN wey 


CELLS CELLS NuctEaRS bay CLEARS PER HUNDRED 
(%) (%) (%) (%) WHITE CELLS 
1/27/31 33 2,680 57,300 51 37 6 115 
3/25/31 46 2,480 44,600 55 41 3° 130 
4/ 2/31 40 3,700 10,300 40 49 20 
7/24/31 35 2,690 14,150 51 44 43 




















The stained smears revealed marked variations in the size and shape of the red 
blood cells. The platelets appeared plentiful. 

The icteric index was 9 units. Fragility of the erythrocytes to hypotonic salt 
solution showed hemolysis to begin at the concentration of 0.30 per cent and was 
complete at 0.20 per cent. The urine was dark in color and showed a trace of 
albumin, 


AUTOPSY 


M. D., Italian, male, aged five years, A-1728. The child died Jan. 20, 1932, at 
10:00 P.M. Autopsy was performed by one of us (G.H.W.) Jan. 21, 1932, at 10:00 
A.M. 

Anatomic Diagnosis.—Anemia, with hyperplasia of hemopoietic tissue. Pig- 
mentation of viscera, ductless glands and lymph of glands. Abnormalities of bony 
skeleton. Enlarged liver and spleen. Infarcts of spleen. Hypoplasia of adrenals. 
Organizing bronchopneumonia and edema of lungs. Fatty degeneration of liver 
and myocardium. Thalassemia. 

The body was that of an Italian boy, 42 inches tall. Rigor mortis was slight. 
Livor mortis was absent. The skin had a peculiar pigmentation, somewhat the color 
of a Chinese. The face had a definite mongolian cast, and the frontal bosses were 
slightly conspicuous. The hair was black and curly, the eyes, brown. The pupils 
were equal. The thorax was symmetrical; the abdomen, greatly distended. No 
hemorrhages were observed over the skin. The subcutaneous fat was scant and 
pale yellow in color. The striated muscles over the thorax and abdomen were de- 
cidedly pale and watery appearing. There was some subcutaneous edema over the 
lower legs. The peritoneal cavity contained a great excess (probably about 1000 
e.c.) of clear, lemon yellow fluid. The surfaces were everywhere smooth and moist. 
No hemorrhages were noted. The omentum showed very little fat. It was normally 
disposed. The liver extended well below the costal margin. The lymph glands 
were everywhere conspicuous. The bladder was full of clear urine. Both pleural 
cavities were clear. The lungs were voluminous. The pericardial cavity contained 
a considerable excess of lemon yellow fluid. The pericardial surfaces were smooth. 

The thymus showed two lobes, coming down to the base of the heart, measuring 
2 and 4 em. in length by 1.5 to 2 em, across, and about 0.5 em. in thickness. The 
tissue was normal histologically, and no pigment was noted. 

Heart weighed 71 gm. It was about normal size for a child of this age. The 


epicardial surfaces were normal, The epicardial fat was secant. The endocardium 


and valves throughout were normal. The right ventricle contained well-formed ante- 
mortem clots. The chambers were dilated. The myocardium: was pale reddish 
brown in color with perhaps more brown pigmentation than normal. There was no 
mottling with fat, but the muscle was distinctly pale. Histologically the heart 
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sections showed edema. There was much pigment in the heart cells at the poles 
of the nuclei. This pigment was in fine grains and much, but not all, of it gave 
a strong test for iron (Fig. 1). 

Lungs.—The left weighed 170 gm.; the right, 226 gm. They presented an 
identical picture. The glands at the hilum were conspicuous, and most of them 
were moist and pink, but some contained coal pigment. The bronchi contained 
a smooth velvety mucosa and were filled with frothy serum. The vessels were normal. 
On section, the lung tissue was very wet and dripped fluid. In places the lung 
tissue looked glassy and semitranslucent because of this fluid. Other areas were 
pale and normal. Posteriorly in the lower lobe was a definite area of broncho- 
pneumonia, measuring 3 or 4 em. in its greatest diameter. Here the lung tissue was 
gray, granular, and moist. Histologic sections showed the usual picture of a 
bronchopneumonia but with early organization in some areas. There was much 
edema but no abnormal pigment. 

Spleen weighed 420 gm. It was enormously enlarged, measuring about 15 cm. 
in its long axis. There were adhesions over its anterior surface. The capsule in 
general was transparent, but there were irregular areas of opacity showing 
beneath the capsule, some of which lay beneath the adhesions mentioned, These 
infarcts presented a very irregular border, separating the opaque tissue from the 
normal splenic pulp. Some of these borders showed a greenish translucency, sugges- 
tive of many wandering cells. The larger infarcts measured 2 cm. in their long 
dimension. Some of these infarcts were indefinite as to outline, merging into the 
splenic pulp. These were less opaque than the others deseribed. They made up 
perhaps one-seventh of the total bulk of the spleen. Section elsewhere showed a 
uniform fibrous spleen, presenting a glassy cut surface. The organ was very 
rubbery. There was no exceptional pigmentation. The cut section was a dull 
pinkish red. The connective tissue was obviously much increased and the mal- 
pighian bodies were obscured. Trabeculae were inconspicuous, because of the diffuse 
connective tissue increase. Chemical analysis showed 16 mg. iron per 100 gm. fresh 
weight which was less than normal or a low normal amount. Histologié sections 
of this spleen, in contrast to that in Case 3, showed a much more chronic process. 
There was much more fibrosis of the pulp, and the various pulp cells were obscured. 
Pigment in moderate amounts was seen in phagocytes and endothelial cells of the 
sinusoids. Some of this pigment gave an iron stain. The trabeculae might show 
oceasional deposits of iron and caleium. Malpighian corpuscles were small and hard 
to find. There was little marrow metaplasia. The infurets presented the usual 
picture. 

Gastrointestinal Tract.—The esophagus was normal. The stomach contained 
partially digested food and was coated with mucus.. Its mucosa had a definite 
brownish tint which was most marked in the cardia and faded close to the pylorus 
to a very pale brown. No hemorrhages were noted. The « ‘lorus was normal. The 
duodenum showed only a very faint tint of brown. ° . jejunum shows a non- 
pigmented mucosa. The solitary fo'licles were casily seen and measured about 1 
mm. in diameter. In the ileum the solitary follicles were conspicuous, some of them 
measuring about 2 mm. in diameter. Peyer’s patches were rather conspicuous, and 
the follicles were easily made out. The appendix showed some postmortem slaty 
staining. The large bowel showed scattered solitary follicles, 1 to 2 mm. in 
diameter. No pigmentation was noted. There were no ulcers. Histologic sections 
showed abundant iron-staining pigment in the acinar cells of the gastric mucosa. 
The chief cells contained most of this pigment, but the acid cells did contain some 
fine pigment granules. The muscle coats contained no pigment. Duodenum con- 
tained no pigment in its mucosa but Brunner’s glands contained liberal amounts 
of fine granular yellow pigment which stained for iron. Jejunum, ileum, and colon 








WHIPPLE AND BRADFORD: 'THALASSEMIA 299 


showed no pigment in mucosa or muscle coats. Peyer’s patches and solitary lymph 
follicles showed an occasional granule of iron-staining pigment contained in a 
phagocyte. This was a replica of Case 3. 

Liver weighed 1175 gm. It was enlarged. It was very deeply pigmented, having 
a dark buff color. The capsule was smooth, and through it the lobules could 
readily be seen. The consistency was normal. The architecture was regular. The 
lobules showed a peripheral translucent brown zone and a central opaque yellow 
spot which was undoubtedly fat. There was no increase in the periportal tissue. 
The pigmentation of the organ was as definite as is observed in hemochromatosis. 
Chemical analysis showed 114 mg. iron and 22 mg. copper per 100 gm. of fresh 
tissue. The gall bladder contained a little yellow bile and showed postmortem 
staining. The mucosa was perfectly smooth and normal, Histologic sections showed 
abundant large fat droplets in the center of the liver lobules. These central liver 
cells contained little pigment, and much of it did not stain for iron. Kupffer 
cells contained relatively little pigment, and most of this did not give an iron 
stain. The marginal liver cells close to the portal tissues contained heavy deposits 
of a yellow pigment containing iron. There were occasional nests of marrow cells 
in the capillary spaces in the liver lobules—an evident marrow metaplasia of moder- 
ate grade. Perhaps this change might compensate somewhat for the lack of marrow 
metaplasia in the fibrous spleen in this case. Gallbladder mucosa showed no pigment. 

Pancreas was about normal in size and quite firm in consistency but very deeply 
bronzed—as dark as the liver—a dark maple sugar color. The lobules were dis- 
tinct. The stroma was slightly edematous. Histologic sections showed a pancreas 
which was a replica of that gland in Case 3 and need not be described. 





Kidneys.—Each weighed 100 gm. They were slightly enlarged. The capsule 
stripped readily leaving a very pale surface which had a faint brownish yellow color. 
On section the cortex was about 5 mm. in thickness. The striations were well 
preserved. The contrast between the brown cortex and the pinkish gray pyramids 
was conspicuous. The pelves and ureters were normal, Histologic sections showed 
normal structures. There were abundant fat droplets in the epithelium of the con- 
voluted tubules. Pigment deposits were infrequent but picked out occasional tubules 
where they might be conspicuous. Henle’s tubules were often involved. Some of this 
pigment stained for iron (Fig. 2). 

Pelvic Organs.—The bladder was normal. No pigmentation was noted. The 
prostate was very small. Histologically it was normal, and no pigment was found. 
The testes were infantile in type. On section they presented a pale brownish color. 
Histologic sections showed the usual peculiar distribution of pigment. The imma- 
ture tubules in the testis showed no pigment, but the interstitial tissue showed some 
yellow coarse pigment which contained no iron. In the endothelium of the capil- 
laries were a few fine pigment grains which stained for iron. Epididymis was 
normal. The striated » Juntary muscle was pale and moist in gross. Histologically 
the muscle fibers were .. ai. A few capillaries were found in which endothelial 
cells contained fine granules of iron-staining pigment. The blood vessels ap- 
peared perfectly normal. There was no pigment noted in the walls of arterioles in 
various organs and tissues. 

Adrenals were distinctly smaller than normal and hypoplastic. The right meas- 
ured 10 to 15 by 3 mm, The medulla was conspicuous. The cortex was very thin, 
measuring less than 1 mm. in thickness and showed a slight amount of brown pig- 
ment. The other adrenal presented about the same appearance. Histologically this 
adrenal was a replica of that in Case 3 (Fig. 6). 

The thyroid was small. On section it showed a dark brown color. Colloid was 
obviously present. There was no question about the increase in the brown pigmenta- 
tion. Histologic sections showed a very large amount of iron-staining pigment 
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(Fig. 5). Practically every epithelial cell in every acinus contained these fine 
pigment granules which were located in the colloid side of each cell but not in 
the colloid. The thyroid was very cellular and poor in colloid which stained faintly. 


There was no increase in stroma. 


The hypophysis was normal in gross and showed some brown pigmentation. 
Histologically the structures of the hypophysis were normal, A few grains of 
pigment were seen in the protoplasm of the acidophile cells, and some of this stained 


sharply for iron. 

Lymphatic System.—The lymph glands about the pancreas were large, a dull 
pink in color, and moist. Some ef them contained a good deal of brown pigment, 
and others looked much like the spleen. The larger ones measured 1 cm. in diameter, 
and a great many smaller ones 2 to 4 to 6 mm, in diameter found close to the 
sp'een, about the duodenum, and in the gastrohepatic omentum. The mesenteric 
glands were all conspicuous. They were a very faint pinkish gray color with a 
slight brownish tint and were moist and swollen. Some measured over 1 em. in 
diameter. Conspicuous lymph glands were noticed in the thorax. Some of them 
appeared pink and moist; others appeared to contain brown pigment, and still 
others, a mixture of brown pigment and a little coal pigment. The retroperitoneal 
glands had the same general appearance but contained more of the brown pigment. 
Histologically these various lymph glands presented the same findings as described 
in Case 3. Metaplasia was conspicuous in some sections, and true bone marrow 
activity was seen. Foam cells appeared rarely but were often noted in association 
with the marrow cells (see Fig. 4). Phagoecytes were frequent and some contained 
many red cells as well as pigment. The lymph glands appeared to be as active 
as the spleen in this case. 

Bone Marrow.—The ribs did not show any unusual thickenings. On section, the 
bone marrow had a definite rusty red color. It was uniform. The bodies of the 
lumbar vertebrae showed a dark brownish red marrow thoughout. These bones 
contained delicate bony trabeculae. The shaft of the femur appeared to be definitely 
thin and was quite easily cut and split. The bone marrow was dark brownish red in 
color and cellular throughout. Histologic sections showed that this marrow was 
exactly like that described in Case 3, and by other observers. Phagocytes contain- 
ing iron-staining pigment and even red cells were found oceasionally but were not 
conspicuous. Foam cells were observed in small clusters but were less conspicuous 
than usual. The marrow hyperplasia was observed between the rib shaft and perios- 
teum. 

Brain weighed 1200 gm. Section through the calvarium showed it to be thin and 
normal except over the frontal region where the outer and inner tables were 
separated for a distance of about 8 or 9 mm. There was present characteristic bony 
hyperplasia in this region. A similar change was seen over the occipital region but 
was less conspicuous. The meninges were all clear, moist and normal. The brain 
appeared normal on section. The pineal gland appeared to be normal. The choroid 
pleruses showed a definite rusty brown pigmentation. The choroid histologically 
contained a good deal of coarsely granular yellow pigment staining negatively for 
iron within phagocytes in the areolar tissue below the epithelium of the plexus. A 
little of the same sort of pigment was noted in the epithelium. No hemosiderin 
was found. 

Case 5.—No, 22501 (Dr. J. M. Parker). 

History.—John §8., an Italian boy two and one-half years old, was admitted to 
the Strong Memorial Hospital on June 8, 1930. 

At one year of age the patient developed an acute upper respiratory infection 
with fever. A mass, which the physician identified as an enlarged spleen, was 
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noticed at this time by the mother. Pallor, weakness, and failure to gain weight 
developed soon and led to his admission to the hospital. 

The birth, which was normal, followed a full-term pregnancy. The weight was 
9% pounds. He was breast fed for nine months and was then placed upon the 
usual infant diet. Cod liver oil was not given until he was two years old, and 
orange juice was given irregularly during infancy. 

Dentition, speech, and muscular development were normal. 

Frequent head colds, pneumonia at six months, and measles at two years had 
occurred. 

The father, forty-two years old, the mother, thirty-six years old, and a brother, 
six years old, were normal. 

Physical Findings.—Essential features were the prominent bosses of the head 
and facies suggestive of the mongoloid type. Pallor and puffiness of the eyelids 
and cheeks were present. The tonsils and cervical lymph nodes were enlarged. 
The heart was slightly enlarged and revealed a soft systolic murmur, The abdomen 
was prominent and contained a markedly enlarged, hard spleen which extended to 
the iliac crest. The liver border was palpated from three to four fingerbreadths 
below the costal margin. 

Laboratory Findings.—Blood examination showed hemoglobin, 48 per cent; red 
blood cells, 2,960,000; white blood cells, 19,840. Only a few nucleated red cells 
were present, but the morphology of the cells was identical with that usually seen 
in Mediterranean anemia. The blood calcium was 8.5 mg. per 100 ¢.c.; phosphorus, 
plasma protein, 8.7 per cent; serum chlorides, 485 mg.; non- 


5.3 mg. per 100 ¢.c.; 
plasma, total lipids, 550 


protein nitrogen, 96.3 mg. The blood lipids showed: 
mg. per cent; cholesterol, 112; fatty acids, 438. 

The urine contained 18 to 25 red blood cells per high powered field, and a few 
hyaline and granular casts. 

The clinical impression was Mediterranean anemia, and it was suggested that the 
hematuria was the result of acute nephritis. 

Course.—After an intravenous blood transfusion, the patient returned to the 
private care of Dr. J. M. Parker, to whom we are indebted for the opportunity to 
study the case in detail. 

During the period from April, 1933, to July 4, 1934, when death occurred at 
the age of seven and one-half years, the patient was admitted upon three occasions 
to the Rochester General Hospital, where further observations were made and 
several blood transfusions were given. 

Edema with pericardial and peritoneal effusions developed during the latter 
months of life. The weight increased from 55.5 pounds to 68 pounds during the 
last month. 
Representative blood counts were: 
April 27, 1933 (First admission): hemoglobin, 37 per cent; red blood cells, 
1,580,000; white blood cells, 8550; neutrophiles, 14; mononuclears, 62; many 
nucleated red blood cells. 

May 27, 1933 (one week before death): red blood cells, 3,580,000; white blood 
cells, 6,450; neutrophiles, 51 (juvenile forms, 5; stabs, 11; segmented forms, 35) ; 
mononuclears, 49; nucleated red blood cells, 31 per 100 white cells. 

Hemolysis to hypotonic salt solutions began at the concentration of 0.42 per 
cent and was complete at 0.28 per cent (normal control, 0.42 to 0.32 per cent). 

The x-ray studies of the long bones revealed thinning of the cortex and coarse 
trabeculation near the diaphyseal end. The bones of the vault showed marked 
porosity with thinning of both tables and with new bone laid down at right angles 


to the outer table. 
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AUTOPSY 


John 8., aged seven years, Italian parents; No. 89659. Autopsy was performed 
at the Rochester General Hospital by Dr. Istvan Gaspar. We are indebted to Dr. 
Gaspar for materials and permission to report this case. 


Anatomical Diagnosis.—Anemia with hyperplasia of hemopoietic tissues. Spleno- 


megaly. Pigmentation of viscera, ductless glands and lymph glands. Abnormalities 
of bony skeleton. Hypoplasia of adrenal glands. Fatty degeneration of heart and 
liver. Bronchopneumonia. General anasarca. Thalassemia. 

The body was that of a young white boy showing excessive generalized anasarca. 
His eyelids, cheeks, lips, and neck were markedly edematous. Gums were anemic. 
Post mortem lividity was evidenced in the region of the neck and pelvis. About 
the face and the neck some petechial hemorrhages were noted, some of which were 
confluent. Serotum and dependent portions were very edematous. The skin was of 
a yellowish icteric hue. Abdomen was distended and dome shaped. On incision a 
yellowish turbid fluid gushed out. No indication of peritonitis was seen. Approxi- 
mately 4000 c.c. of this fluid was present. The pleural cavities were filled with 
fluid, yellowish in color and turbid in character. The right pleural cavity con- 
tained 200 c.c., the left contained 500 ¢.c. No adhesions of the pleura were noted. 
The pericardial sac was dilated and contained from 400 to 450 c¢.c. of transparent 
fluid. No inflammation of pericardium was seen. 

Heart was hypertrophied, weighing 270 gm. Right ventricle was from 8 to 9 
mm, thick, left ventricle, 11 mm. Myocardium was pale in color. Valvular con- 
stituents were normal. Histologic sections showed normal muscle fibers with little 
pigment at the poles of the nuclei. Only rarely did one see a pigment granule 
which stained for iron. 

Lungs.—The right and left were of essentially the same character. Grossly 
no evidence of inflammation was seen. The left lung weighed 175 gm., the right 
lung, 240 gm. Histologically there were sma!'l areas of bronchopneumonia, some 
of which were of the interstitial type. Some phagocytes in the alveoli contained 
pigment which stained for iron. Occasional mucous glands in the mucosa of large 
bronchi contained pigment, some of which was hemosiderin. This pigment in the 
epithelium of the glands was largely in the central half of the acini close to the 
lumen. The blood vessels showed no pigment in the muscle coats, 

Spleen was tremendously enlarged and weighed 800 gm. Externally it was of a 
bluish green color. The cut section was a dark red. Histologic sections gave a 
picture midway between the very cellular spleen (Case 3) and the chronic fibrous 
spleen (Case 4). There was considerable increase in interstitial stroma, and the 
sinusoids stood out conspicuously. The trabeculae were conspicuous, and occasion- 
ally one found deposits of hemosiderin in the crevices of the trabeculae. Hemosiderin 
was not readily found but was present in occasional phagocytes and rarely in 
endothelial cells of the sinusoids. Other yellow pigment giving negative stains for 
iron was found in occasional cells. The marrow cells were well represented, and 
one found many small nests of parent stem cells, abundant myelocytes, and nucleated 
red cells. Megakaryocytes were rare. Malpighian bodies were very small and in- 
conspicuous. Chemical analyses showed 30 mg. iron per 100 gm. of fresh tissue, 
not far from a normal value, for the spleen. 

Lymph Nodes.—The peribronchial, peritracheal, mesenteric, and mediastinal 
nodes were much enlarged and dark brown in color. Histologic sections showed 
increase in stroma in these lymph glands. Edema was conspicuous and the sinuses 
often contained red cells as well as wandering cells. Hemosiderin and iron-free 
pigment were present in many glands usually in phagocytes. Marrow cells were 
found in some glands but not in all. The lymph germinal follicles appeared active 


and normal. 
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- Lwer was markedly enlarged and of a peculiar brownish hue, and it weighed 
2550 gm. The gallbladder contained a yellow brown colored bile which stained 
the mucosa brown. The bile ducts were normal. Chemical analyses showed a very 
high content of iron—395 mg. per 100 gm. of fresh tissue. Histologic sections 
showed an unusually heavy deposit of hemosiderin in the liver cells in the margin 
of the lobules. Some liver cells were so filled with hemosiderin as to show evidence 
of degeneration, and in fact there was some stroma increase in the portal tissues, 
which increase was probably related to this pigment deposit, as is seen in hemochro- 
matosis. The Kupffer cells contained little pigment, and this was usually negative 
for iron. The bile ducts were normal, and bile canaliculi contained no pigment. 
There was some marrow metaplasia with scattered nests of marrow cells within 
dilated capillaries. The liver cells in the centers of the lobules appeared relatively 
normal and contained only a little hemosiderin. 

The stomach mucosa showed nothing except postmortem autolysis. The intestines 
showed redness, cyanosis, and edema in the region of the duodenum and jejunum. 
Histologic sections showed a heavy deposit of hemosiderin in the acini cells of the 
gastric mucosa. There was postmortem autolysis. Duodenum showed a light de- 
posit of hemosiderin in Brunner’s glands and occasional granules of hemosiderin 
in the stroma of the tips of the vi'li. 

Pancreas weighed 30 gm., and was of a peculiar yellowish brown coloration. 
Histologically there was postmortem autolysis, but a heavy deposit of hemosiderin 
was evident at a glance. Most of the hemosiderin was within acinar epithelium and 
in acini close to the islets. Occasionally an islet showed a few grains of hemosiderin 
within its epithelium. 

Kidneys were definitely enlarged. The capsules stripped with ease. There was 
no deposition of pigment. Right kidney weighed 280 gm., left, 210 gm. Chemical 
analyses showed normal values for the kidney—4.6 mg. iron per 100 gm. of fresh 
tissue. Histologic sections showed normal structures. Occasional tubules showed a 
deposit of hemosiderin in the epithelium (Fig. 2). Other tubules showed a 
yellow pigment which was iron free. Testis histologically showed the usual pig- 
mentation. Iron-free pigment was abundant in the interstitial tissue and appeared 
in large yellow granules. It also appeared in fine grains in the epithelium of a 
very few acini, Hemosiderin appeared in fine grains within the endothelium of 
many capillaries (Fig. 3 

Suprarenals were atrophic, the capsule thinned, and pigmentation increased. 
Histologically the glomerular zone of the cortex showed abundant deposit of 
hemosiderin within the adrenal epithelium (Fig. 6). Other tissues were normal. 

Thyroid.—Externally the gland was of normal appearance. The pyramidal lobe 
was well developed and plainly visible on dissection. No manifest pathology was 
seen grossly. Histologically the picture was like that described in Cases 3 and 4. 
Fine granules of hemosiderin were abundant in the epithelium of the acini (Fig. 5). 

The vascular system was normal in gross. Histologically many arterioles in the 
mesentery and kidneys showed a finely granular yellow pigment negative for iron 
in the smooth muscle coats. Many arterioles in the thyroid, adrenal, and mesentery 
contained some granules close to the elastica interna which stained for iron, and in 
some vessels the elastica interna in places took a deep blue iron stain. 

Bone marrow was considerably increased and was of a peculiar brownish red 
hue. The color resembled somewhat that of the bone marrow in pernicious anemia. 
The bone shafts were considerably thinned. Portions of the ribs and the right 
femur presented similar pathology. Histologic sections were in general like those 
from Case 3. Hemosiderin was not abundant, but granules were found in phagocytes 
and occasional endothelial cells. Foam cells were rarely seen. The usual cellular 


hyperplasia was conspicuous. 
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Case 6.—(M—i) This histologic material was sent to us through the courtesy 
of Dr. T. B. Cooley and supplements the material described above. 

Heart.—Stains for iron were unsatisfactory. 

Thymus showed aplasia but no pigment. 

Spleen showed only a slight stroma increase and a cellular pulp. The malpighian 
bodies were normal. Iron-staining pigment was fairly abundant in phagocytes. There 
was relatively little marrow metaplasia in the single section studied. 

Lymph glands showed abundant pigment, some of which gave a positive stain 


for iron. 

Liver showed a heavy deposit of yellow pigment, most of which gave a positive 
iron stain. This pigment was very largely within the liver cells, but a little ap- 
peared in the Kupffer cells, There was a definite increase of wandering ce'ls in 


the portal tissue. 

Pancreas showed a heavy deposit of iron-staining pigment in the epithelial cells 
of the acini. Rarely a little hemosiderin was found in the islet epithelium. 

Kidney showed no hemosiderin but some yellow granular pigment in the epithelium 
of a few tubules. 

Marrow showed the usual picture of hyperplasia. Occasional foam cells were 
observed, and fibrosis was noted in some sections. 

Case 7.—(P—e) This histologic material was sent to us through the courtesy 
of Dr. T. B. Cooley. 

Heart showed negative iron stains. 

Thymus showed aplasia but no pigment. 

Spleen in general was rather cellular, but the section was unsatisfactory. 

Lymph glands examined contained only a little pigment. 

Liver showed a heavy pigment deposit within the liver cells, especially in the 
margins of the lobules. Much of this pigment was noted in the Kupffer cells. 
Seattered focal hyaline necroses were found. 

Pancreas presented the usual pigmentation with hemosiderin. There seemed to 

_ be a moderate increase in stroma. 

Adrenal showed a faint stain for iron in the glomerular zone (compare Fig. 6). 

Marrow showed the usual hyperplasia. There were sizeable islands of foam 
cells noted here and there as well as a little fibrosis. 

Case 8.—(No. 57332.) MHistory.—E. 8., an Italian girl, four years old, was born 
Feb. 5, 1932, by breech delivery after a twin sister, M. S., had been delivered 
spontaneously by vertex presentation. The obstetric record indicated that they 
were single ovum twins, only one placenta having been described. Nevertheless, the 
physical features are now so dissimilar (Fig. 7) that they are considered not to 
be identical twins, At birth the measurements were: length, 49 em.; head circum- 
ference, 32 em.; chest circumference, 31 cm.; weight, 2270 gm. On the twelfth 
day the weight was 2810 gm. Breathing was spontaneous. At the time of discharge 
from the nursery nothing abnormal was noted except that she was undersized. 

When she was eight months old, pallor was noted. She became less active and 
more pale until eighteen months of age, when a lump was noticed in the left upper 
part of the abdomen, At nineteen months she was admitted to the pediatric serv- 
ice of the Rochester General Hospital and there received eleven transfusions during 
a period of nine months. Copper and iron were also administered. 

At two and one-half years of age, she was admitted to the pediatric service of 
the Strong Memorial Hospital on July 30, 1934. 

The first tooth appeared at five months. She sat at ten months, talked at one 

year, and walked at two years. She had not gained control of the bladder at two 


and one-half years. 
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The feeding had been normal. With the exception of an occasional cold, no 
& ’ 


infections had occurred. 
The father, forty-nine years of age, and the mother, thirty-five years of age, 


were well. Three children, a girl eight years old, one six years old, and a boy 


five years old, were normal, The twin sister was normal and at the age of four 
years had a normal blood picture. 
Physical Findings.—At the time of admission (two and one-half years of age), 


the patient was definitely undersized. The head, chest, and abdominal circum- 


Normal and abnormal twin sisters. 


The length was 80 em., and the 


The temperature, pulse, and respiratory rates were 38° C., 138, 


and the 


ferences were 45, 48.5, and 50 em., respectively. 
weight, 8.5 kg. 
and 22, respectively, The patient was pale. The abdomen was distended, 
liver and spleen were enlarged. The heart was slightly enlarged, and a soft, systolic 
murmur was audible. The fact was suggestive of the mongoloid type (Fig. 7). 

Course.—From the age of nineteen months until the present time (four years), 
he blood were made, particularly in relationship to experi 


g 
careful observations of t 
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Chart B.—Case 8 Explanation of dosages. 7, transfusions of citrated blood 
given intravenously, 50 to 150 c.c.; PL, alcohol extract of blood plasma, 5 to 10 c.c. 
intramuscularly, 9 injections; cells, extract of blood cells, 5 c.c. intramuscularly, 7 
injections; PL, alcohol extract of blood plasma, 5 c.c. intramuscularly, 5 injections ; 
beef, 50 gm. of beef muscle incubated with normal human gastric juice, prepared by 
the method of Castle: lextron (Lilly), one teaspoonful t.id.; LE, liver extract 
(Lederle), 1 ¢.c.=33 gm. of liver substance, 8 injections; PN, pentnucleotide, 2.5 c.c. 
intramuscularly, 7 injections; fat-free milk, 5 intramuscular injections of 0.5, 1.0, 
2.0, 3.0, and 4.0 cc., respectively ; grogynon, intramuscularly, 7 weekly injections of 
estrogenic preparation (progynon-B, Schering Corporation), 1 c.c.=2,000 R.U. or 
10,000 international units; pancreas, fresh, raw, beef pancreas ground, two teaspoon- 
fuls every 2 hours daily; vitamin B: concentrate (Merck) 1 to 3 mg. daily. 
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mental therapy (Chart B). Among other studies made, the following may be in- 
formative: blood lipids: plasma—cholesterol, 125 mg. per 100 ¢.c.; total lipids, 
594; phospholipids, 159; fatty acids, 469; residual fat, 300; red cell phospholipids, 
366. These values are within normal limits. 

Vitamin A absorption tests revealed the normal values as follows: fasting, 12 
After 2 e.c. of haliver oil were administered, values 







units vitamin A per 100 c.c. 
were as follows: 2 hours, 35 units; 4 hours, 250 units; 6 hours, 286 units; 9 hours, 
113 units; 12 hours, 119 units; 24 hours, 65 units. The b’ood caleium was 9.2 mg. 






per 100 ¢.c.; blood phosphorus, 4.4 mg. per 100 e.c. 
Blood volume studies were made by Dr. Nolan L. Kaltreider, to whom we are in- 






debted for the following information: 










Body weight, 10.8 kg. 
Red cell count, 2,300,000 

Reticulated red cells, 6.0 per cent 

Hematocrit-red cell percentage, 13.9 per cent 
Hematocrit-plasma percentage, 86.1 per cent 

Mean corpuscular volume, 60.5 cubie microns 

Mean corpuscular hemoglobin, 16.6 micromicrograms 
Mean corpuscular hemoglobin concentration, 29.4 per cent 











Total plasma volume, 673 c.c. 

Total plasma volume per kilogram, 62.3 ¢.c. (normal, 50 c.c.) 
Total blood volume, 782 c.c. 

Total blood volume per kilogram, 72.4 ¢.c. (normal, 72 ¢.c.) 
Red blood cell volume, 109 c.c. 

Red blood cell volume per kilogram, 10.1 ¢.c. (normal, 22 ¢.c.) 
Hemoglobin per 100 c.c. blood, 3.82 gm. 

Total circulatory hemoglobin, 29.87 gm. 

Total circulatory hemoglobin per kilogram, 2.77 gm. 

Blood viscosity, 2.3 (normal, 4-4.5) 












DISCUSSION 







Since the important work of Cooley, the clinical recognition of this 
type of anemia is no longer difficult. The blood picture is not entirely 
characteristic, however, because some of the features are duplicated 
in the blood of other conditions. 

Observations on the morphology of the blood have confirmed the find- 
ings of Cooley’ concerning the marked degree of fragmentation. At- 
tempts to correlate hematocrit studies with cell measurements have been 
made.* In two cases a tendency to macrocytosis occurred particularly 
after splenectomy. A similar observation has recently been made in 
eases of hemolytic jaundice after this operation.“ There was also 
evidence that in certain cases of thalassemia the red cell is thinner than 














normal. 

Retarded growth, with a delay in carpal ossification, in certain cases, 
and sugar tolerance curves of the type obtained in Case 3 are features 
seen also in celiae disease. One does not find, however, the characteristic 
increase in the fat content of the stools in thalassemia. Moreover, in 
Case 8, the vitamin A absorption curve is normal as compared with the 








low curve usually found in celiae disease. 
In our cases the blood lipids have been essentially normal. In Case 8 
and in one other case not reported here, slight increases in the phos- 
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pholipid content of the red cells were found. Perhaps blood which con- 
tains many young cells is comparable with other growing tissues*® 
known to have an increased phospholipid content. 

In Cases 3 and 8, it will be noted that in each instance the total plasma 
volume and total blood volume per kilogram of body weight, as de- 
termined by the dye method, were normal. As might be expected, the 
red cell volume per kilogram of body weight was reduced, being only 
one-half normal in Case 8. 

Because the pigment distribution in this disease resembles that in 
hemochromatosis, attempts were made to demonstrate urinary siderosis. 
Only an oceasional iron-laden kidney epithelial cell was demonstrated 
in the urinary sediment. 

Experimental Therapy.—Our attempts at experimental therapy have 
been mainly empirical. Our study of the anatomic material has led 
us to try substances which might supply material with which to build 
hemoglobin or cells. We have also tried certain glandular products. 
The hypoplasia of the adrenal cortex suggested the use of cortin. Al- 
though the results are entirely negative to date, we believe certain sub- 
stances have been given sufficiently adequate trials to justify a report. 

In Charts A and B, records of the experimental therapy used in 
Cases 3 and 8, respectively, are presented. The red cell count, hemo- 
globin values and the weight of the patient are shown by curves, beneath 
which is shown the time and duration that each therapeutic substance 
was used. 

The therapeutie record in Case 3 (Chart A) is interesting because it 
covers his entire life from the time of diagnosis at seven months until 
death at five years. Of particular interest is the fact that repeated 
transfusions, splenectomy, the feeding of copper, of iron, and of various 
liver and spleen fractions have given negative results. Of the other 
substances tried, it seems certain that cortin (obtained through the 
courtesy of Dr. F. A. Hartmann, of Buffalo, N. Y.) and extralin were 
each given satisfactory trials. The oral administrations of such sub- 
stances as anterior lobe, pituitary, thymus, and bone marrow extracts 
may represent inadequate tests. Extracts of these substances suitable 
for injection should, of course, be given a trial. 

In Case 8 (E.S.) (Chart B) the parenteral injection of plasma and 
of cell extracts prepared according to the method of Josephs,* a potent 
liver extract preparation, and pentnucleotide have been adequately 
tested. The plasma and cell extracts were prepared for our use through 
the courtesy of Dr. S. W. Clausen. Except for a slight reticulocyte 
response to the cell extract and to pentnucleotide, no favorable results 
were obtained. Predigested beef prepared by the method of Castle* 
was also given an adequate trial in this patient without a response. 
Again this patient illustrates the temporary improvement expected from 
blood transfusion. 
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The marrow hyperplasia is a conspicuous feature of this disease, and 
in some respects it resembles the marrow of pernicious anemia. In both 
we have great hyperplasia of the marrow, which is unable to turn out 
adequate numbers of mature red cells but does flood the blood stream 
with immature and. atypical red cells. One diseased marrow reacts to 
liver feeding but the other does not. However, one can seareely avoid 
the thought®? that the hyperplastic marrow in these children may be 
due to the lack of something—a deficiency state—as is surely true for 
pernicious anemia. These cases also may show nests of foam cells in 
marrow and spleen similar to the cells observed in Gaucher’s disease. 
Marrow metaplasia with nests of myelocytes, nucleated red cells, and 
megakaryocytes may be noted in the spleen in most cases and in the liver 
and some lymph glands in some eases. 

The changes noted in the bony skeleton are of some interest and by 
many writers are explained on the basis of marrow hyperplasia alone. 
We cannot agree with this belief and prefer to think of these peculiar 
lesions in the skull, ribs, and long bones as due to some metabolic 
factor. In other words, we prefer to think of these bone changes as of 
the order of those recorded in scurvy or acromegaiy in which vitamins 
or ductless glands are concerned. Marrow hyperplasia in pernicious 
anemia or leucemia may be extreme and of long duration but does not 
give the bone abnormalities reported in this Mediterranean disease. 
Furthermore similar bone abnormalities have been noted in sickle-cell 
anemia and hemolytic jaundice, but the marrow changes in those dis- 
eases are of a different character. 


The pigment abnormalities are conspicuous in this disease and follow 
accurately the pattern of pigment distribution in hemochromatosis. 


10 


We” pointed out this similarity, but we cannot agree with Mallory 
that this disease is ‘‘ hemochromatosis in the child.’’ This Mediterranean 
disease unlike hemochromatosis is racial, is associated with a progressive 
chronie anemia, splenomegaly, and characteristic bone abnormalities. 
We do not propose to join in the debate relative to copper as the cause 
of liver cirrhosis and hemochromatosis," but we do feel that these cases 
of thalassemia give no support to this thesis and actually exclude copper 
as a cause of this particular pigmentary abnormality. If copper is the 
cause of the pigmentation of the viscera, then it is also the cause of 
the bone abnormalities and the peculiar anemia with splenomegaly, as 
these conditions always develop together in the same child. Also copper 
must injure especially the Mediterranean people and trail families like 
a bloodhound. It does not seem necessary to pursue the argument. 
Pigments as they appear in tissues present difficulties of analysis, 
and this question has been reviewed recently by Nachtnebel."' Some pig- 
ments probably are of dietary origin, and many others come from hemo- 
globin. Others are thought to be related to fat metabolism (lipofusein 


and lipochrome). One ean at least differentiate the yellow granular 
» 
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pigments into those giving a positive staining reaction for iron 
(hemosiderin) and those giving no iron reaction (hemofuscin, lipo- 
fusein, lipochrome, ete.). Sheldon'* coneludes that hemofuscin is 


more nearly related to the melanins. 

It is usually assumed that hemosiderin is related to blood destruction, 
but in hemochromatosis it seems difficult to accept this mechanism. 
Sprunt®® was the first to point out that in hemochromatosis there was 
no inereased blood destruction, and he suggested that hemochromatosis 
was due to a fundamental disturbance of the pigment metabolism. With 
this assumption we can record all the peculiarities of pigment deposit 
and abnormalities of hemochromatosis without forcing a relationship 
to hemoglobin destruction. The same thing may apply to the pigment 
abnormalities of thalassemia, although in this disease we do have a 
definite blood abnormality. The pattern of pigment distribution in 
hemochromatosis and thalassemia is almost identical; therefore the in- 
evitable conclusion follows that the blood disturbance probably is not 
responsible for the pigment abnormalities in thalassemia. 

The pigment deposits found in hemolytic jaundice are of interest in 
this connection. In long-continued cases we may find some pigment 
deposits in heart, pancreas, thyroid, and gastric mucosa, but the pig- 
ment deposits in spleen and liver are very different. In hemolytic 
jaundice the spleen shows great amounts of iron contained in the endo- 
thelial cells of the sinusoids, and the liver shows much of the iron- 
containing pigment in the Kupffer cells, an entirely different distribu- 
tion from that recorded in thalassemia. The kidney, which shows little 
hemosiderin in thalassemia, is very heavily pigmented in hemolytic 
ieterus. The experiments of Rous and Oliver’® with long-continued in- 
jection of citrated blood in rabbits are of interest and present the same 
general picture as hemolytic icterus. 

Pigment distribution in organs and cells is of some interest and, 
as relating to hemochromatosis, has been tabulated by Sheldon.’ This 
pigment distribution is practically identical in thalassemia. One is 
struck with the observations that the gastric mucosa presents much 
hemosiderin which is present in the epithelium of the deep acini, particu- 
larly in the chief cells and rarely in the acid cells. Sharply at the 
pylorus the mucosa becomes hemosiderin-free, and pigment appears in 
Brunner’s glands. The mucosa of the small and large intestine is free 
of hemosiderin except for occasional granules in phagocytes. 

As we stated in our first paper, we dislike the name ‘‘erythroblastic 
anemia’’ given by Cooley, who was responsible for the recognition of 
the clinical syndrome. As the disease is limited to races of people liv- 
ing about the Mediterranean Sea, we suggested ‘‘thalassemia’’ as a 
preferable term derived from @dAacoa, the Greek word for the ‘‘great 
sea’’—designating in their writings the Mediterranean Sea. 
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SUMMARY 


This disease is due to some racial, inherited defect which is responsible 
for the abnormalities of the hemopoietic tissues (of the order of perni- 
cious anemia), the bone changes (of the order of acromegaly), and 
the pigment abnormalities (practically identical with hemochromatosis) . 
This suggests a deficiency state which may be remediable when com- 
pletely understood and gives adequate grounds for a variety of ther- 


apeutic tests. 

We record in detail the complete autopsy findings in three new cases 
of this disease and partial autopsy findings in two others. We believe 
the pigment deposits in these cases (simulating hemochromatosis) are 
as characteristic of this disease as are the recorded abnormalities of 
the hemopoietic system and bony skeleton. 

The anemia may be classified as microcytic and hypochromie. Macro- 
eytosis and thinning of the cells oceurred in two eases after splenectomy. 
In two eases (Cases 3 and 8) the total blood volume and the plasma 
volume were found to be normal, while the red cell volume was de- 
creased. Wet preparations revealed marked fragmentation but no 
tendency to sickle. 

The following therapeutic measures, which we. believe have been 
adequately tested, failed to modify the clinical picture: blood trans- 
fusions, plasma and cell extracts, primary or secondary anemia liver ex- 
tracts, fetal liver extract, spleen extract, raw pancreas, adrenal cortex 
extract (cortin), estrogenic substance (progynon), vitamin By, con- 
centrate, iron, and copper. 
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OBSERVATIONS ON THE MORPHOLOGY OF THE ERYTHRO- 
CYTES IN MEDITERRANEAN DISEASE—THALASSEMIA 


(ERYTHROBLASTIC ANEMIA OF COOLEY) 


Witu1am L. Braprorp, M.D., anp JANE DYE 
Rocuester, N. Y. 


HE distinguishing features of the blood in Mediterranean anemia 

have been well deseribed by Kato and Downey.’ Marked irregularity 
im the size and shape of the red cells, fragmentation, and the com- 
paratively large number of nucleated red cells in the cireulating blood, 
particularly after splenectomy, are the essential findings. Irregularity 
in the distribution of hemoglobin within the matured erythrocyte is 
also found. 

Hematocrit studies have indicated that the anemia in this disease may 
be classified as microcytie-hypochromie in type. Because of the ex- 
treme degree of fragmentation often encountered, Cooley? has suggested 
that incorrect results may be obtained by hematocrit studies. For this 
reason we have extended our observations to include comparison of the 
values obtained by the hematocrit with those found by direct measure- 
ment of the cells. 

Hematocrit values and cell diameter curves have been determined in 
eight cases observed in the pediatric department of the Strong Me- 
morial Hospital and in the out-patient department. All of the children 
were of Italian descent. 

METHOD 


Five etbie centimeters of venous blood were placed in bottles contain- 
ing exactly 5 mg. of potassium oxalate, and from these samples red cell 
counts and hemoglobin determinations were made with certified equip- 
ment. The hematocrit readings were determined in Wintrobe tubes 
after centrifugalization for thirty minutes at 4,000 revolutions per 
minute. 

The frequency of distribution of the cell diameters was determined 
by the method of Price-Jones.* A description of the ocular micrometer 
used was previously given by MeCann and Dye.‘ All of the cell 
measurements were made by one individual (J.D.). To test our method 
further, a smear was examined by Dr. Price-Jones and the distribution 
eurve kindly submitted by him was found to be practically identical with 
the duplicate made by one of us (J. D.). 

The volume index was calculated according to the method of Capps’: 
the number of cubie centimeters of packed cells in percentage of normal 
divided by the number of red cells in percentage of the normal. 

From the Departments of Pediatrics and Medicine, University of Rochester School 
of Medicine and Dentistry. 
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The saturation index was determined by dividing the number of 
grams of hemoglobin per 100 ¢.c. of blood in percentage of normal by 
the number of cubic centimeters of packed cells per 100 ¢.c. of blood. 


The thickness of the red cell was estimated by use of the three-dimen- 
sion chart of Von Boros,® for caleulating the thickness of the erythro- 
cyte from the diameter and the volume. 

The diameter-thickness ratio which best expresses the absolute thick- 
ness of the cell was calculated by dividing the mean diameter by the 
thickness. 

The volume thickness index was determined according to the method 
of Haden.’ For this purpose the nomogram described by Warburg*® was 
used. 

DISCUSSION OF RESULTS 


Wet preparations revealed a marked degree of fragmentation. Knob- 
like projections were observed to form and to break off from the erythro- 
eytes with regularity. One obtained the impression that many of these 
salls were leaflike and that they were thinner than normal erythro- 
cytes. 

Because Mediterranean anemia as well as sickle-cell anemia is racial 
and familial, and is characterized by similar bone changes, and since 
the sickle-cell type has been described in a Greek® as well as in an 
Italian’ child, it seemed important to observe the blood carefully: for 
the sickling phenomenon. This was studied in fresh and in carbon- 
dioxide treated blood at varying degrees of temperature, but no evidence 
of sickling was noted. 

The results of the hematocrit observations are shown in Table 
From these measurements it is apparent that the mean corpuscular 
volume is either normal or reduced. The combination of a decreased 
mean corpuscular volume and an increased mean-cell diameter (in the 
ease of J. S.) suggests a cell thinner than normal. This is further shown 
to be true by the caleulated cell thickness and the diminished volume 
thickness index. 

If, as Haden" has shown, the volume thickness index is directly re- 
lated to the fragility of the cells, we would not expect an hemolytic 
tendency to exist with a diminished volume thickness index. In the 
ease of J. S., the resistance of the red cells to hypotonic salt solutions 
was found to be normal. 


I.* 


The same condition of an apparent thinning of the cells oceurred in 
the ease of T. Z. It is interesting that in these two cases (J. S. and 
T. Z.) the macrocytosis became evident after splenectomy had been per- 
formed. Paxton’? has recently reported the oceurrence of increased 
cell diameter in cases of familial acholurie jaundice after removal of the 
spleen. 


*In the preceding paper J. S., aged eighteen months, is Case 3: J. S., aged seven 
years, is Case 5; while E. S., aged nineteen months, is Case 8. 
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In the eases, E.S., P.G., R.M., and J.S., microcytie curves were 
found, and the volume thickness index was either normal or slightly 
inereased. None of this group had undergone splenectomy. Further 
observations on the cell morphology in relationship to splenectomy in 
this condition would be of interest. 

The distribution curves (Chart 1) in general reveal wide bases and 
increased coefficients of variation. A similar Price-Jones curve was 
described by Moncrieff and Whitby™ in a Greek child. This report is 
said to be the first of thalassemia from England. 

It will be noted from observation of Table I that blood transfusions 
preceded some of the studies. That a recent transfusion would ma- 


chart 1 
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Chart 1.—Showing the frequency of the distribution of the cell diameters in eight 
cases of Mediterranean disease. In J. S. and T. Z. the tendency toward macrocytosis 
occurred after splenectomy. 


terially change the results is admitted. How long such an influence 
would persist is not apparent beeause the life of transfused cells in this 
condition is not definitely known. Using the method of Ashby,"* Edgar 
and Boisvert’® have found from observations made in this clinie that 
transfused cells are no longer demonstrable after an interval of thirty 
to thirty-five days. 
SUMMARY 

Hematocrit studies in six cases and cell diameter measurements in 

eight cases of Mediterranean anemia (type of Cooley) have been made. 
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In all instances the evidence suggested an hypocythemic microcytic 
and hypochromie anemia. 

In two eases the combination of decreased cell volume and increased 
mean cell diameter, along with decreased thickness of the cell, oceurred 
after removal of the spleen. 

Distribution curves usually showed wide bases and inereased co- 
efficients of variation. 

The study of wet preparations confirmed the findings of Cooley and 
Lee that fragmentation of the erythrocytes is very marked. The phe- 
nomenon of sickling was not observed. 
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INTRAVASCULAR CLOTTING IN ABANDONED FETAL 
CHANNELS IN THE NEWBORN 


W. A. Muvuertin, M.D., anp JosepH Krarka, Jr., M.D. 
Avueusta, Ga. 


NCREASED coagulation time, polyeythemia, hemolysis, and_bili- 

rubinemia in the newborn are associated phenomena which present a 
problem of both a practical and theoretical significance. One of us has 
dealt previously with one aspect of this problem in a study of reticulo- 
eytes in the newborn (Krafka). In a search for the raison d’étre, the 
investigation was extended to include the question of a correlation with 
the closing time of abandoned fetal vaseular channels and the time of 
dropping of the cord. Gradually the hypothesis developed that these 
phenomena constituted in part or in whole a rational protective mecha- 
nism which prevented thrombus formation, since the thrombi, should 
they form, would serve as an embolic threat during this critical period 
of life. 

Satisfactory tests of such an hypothesis are elusive, but we offer, as 
a preliminary approach, the following methods and results. 


METHODS 


Long umbilical cords were left intact on newborn infants. At specified 
times new double ligatures were placed near the end of the cord; the 
peripheral pieces were cut off and fixed immediately in 10 per cent 
neutral formalin or in aleohol. Successive pieces were removed at in- 
tervals of one and one-half hours, four hours, twelve hours, and forty- 
eight hours after birth. Cords dropping off normally on the fourth day 
were also fixed. Sections were cut in paraffin or celloidin and stained 
with hematoxylin and eosin, Mallory’s triple stain, or Weigert’s fibrin 
stain. By way of control, we have studied the clots in severed um- 
bilieal cords in which the general observation is made that clots will 
eventually form and in which the fibrin appears either fibrinous, granu- 
lar or hyaline. 

Nature of the So-called Clot in the Intact Vein.—One and one-half 
hours after delivery, a thin halo of pale eosinophilic, homogeneous sub- 
stance oceurs firmly adherent to the endothelium of the vein. This is 
approximately 20 mu wide. Well-preserved discrete erythrocytes and 
oceasional leucocytes lie superficial to this zone with only a rare cell in- 
corporated in it. No fibrin is present. There is no evidence of a reac- 
tion on the part of the endothelium. 


From the Departments of Pediatrics and Anatomy, University of Georgia School 
of Medicine. 

Presented before The American Pediatric Society, Lake George, New York, May 
11 to 13, 1936. 
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Such a clot, if it can be called a clot, has been described as a ‘‘ hyaline 
clot.’’ The nature of the homogeneous substance has been discussed by 
Welch, Aschoff, and MacCallum. They consider it to be made up of 
platelets in such close apposition that their borders are no longer visible. 
The hyaline clot has been interpreted as due to agglutination of eryth- 
rocytes, but in this instance, while the homogeneous substance is pres- 
ent, there is no evidence of a firm adherence of the red cells one to 
another. 

There is no great addition to the width of this hyaline zone at the 
end of twelve or twenty-four hours. At forty-eight hours there is some 
evidence of hemolysis, but fibrin is still absent. 

Even in the cord which has dropped, the so-called clot still shows 
the same characters, although the endothelium and media show marked 
degenerative changes. No fibrin is present. There is no organization of 
the clot such as produced by invasive connective tissue cells, connective 
tissue fibers or invading capillaries. Of course, organization would 
hardly be expected since it is thought to be initiated in the adult at 
about the tenth day. True clotting does not take place in the intact 
umbilical vein. 

DISCUSSION 


These observations are in accord with those of many investigators 
who have noted the absence of true clot in the abandoned fetal vascular 
channels. Meyer states that the intraabdominal portion of the umbilical 
vein contains unclotted blood in the sheep. He found red cells in a 
fair state of preservation in the dog at the end of the seventh week. 
Péllot and other investigators have noted the absence of clot in the 
ductus arteriosus. Seammon in discussing the mechanism of closure 
of the ductus arteriosus states that less than 1 per cent show a clot at 
autopsy. Even in these instances, the nature of the clots is not estab- 
lished since they may be associated with infection at various other sites, 
as will be discussed below. Strassman (cited by Melka, 1926) believes 
that thrombosis of the ductus arteriosus is always pathologic. There 
are, however, some writers who still accept the theory of the closure of 
fetal channels by thrombus formation (Wiggers, Haberda). Meyer, 
Shaeffer, and Melka have dealt conclusively with this problem and have 
shown that the obliteration of the channels is brought about by contrac- 
tion, infiltration of the intima, and obliteration of the lumen by con- 
nective tissue of the elastic type. 

A casual review of the clinical literature is at first hand contradictory 
to the opinion that thrombosis of the fetal vessels does not oceur. There 
are frequent references to cases of thrombosis of the aorta, sinus throm- 
hosis, ete., in infaney. Careful study of these eases shows, however, that 
thrombosis is associated with infection at other sites, such as umbilical 
infection, fibrinous pneumonia, ete. Moscheowitz cites a case of death 
on the tenth day with thrombosis of the aorta following streptococcus 
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infection of the umbilical vein. Hedinger’s patient died on the fifteenth 
day with gangrene of both feet and a putrid coagulum in the umbilical 
vein. Rothstein’s patient died on the thirteenth day with thrombosis 
of the aorta, no gross external inflammatory changes but a staphy- 
loecoeceus infeetion in a thrombus in the umbilical vein. Limper and 
Miller cite a case in which the cord dropped normally on the seventh 
day; dry gangrene of the legs followed; and at autopsy the aorta 
was found occluded by a thrombus. The umbilicus showed infec- 
tion. Wheler presents a case with black feet on the tenth day from a 
thrombus 14 inch below the entrance of the mesenteric artery. Cultures 
showed pneumococcus. 

We present two cases from the records of the Pathology Department 
of the University of Georgia School of Medicine: 

Case 34,171.—Child died on the eighth day with infection of the right 
hand; suppurative infection of the umbilical stump; thrombophlebitis 
of the umbilical vein and septic infarcts. 

Case 30,125.—Child died on the twelfth day with thrombosis of the 
pulmonary and renal veins, associated with rachischisis and a suppura- 
tive meningitis. 

Even the so-called marasmatie clots are exceedingly rare in infancy 
and oceur associated with infections. Blackfan lists three cases in in- 
fancy, the youngest child, twelve days old, with ‘‘associated with a sealp 
infection.’’ 

Thrombosis and embolism are not conditions of infancy. Cases due 
to infection, in which fibrin formation is excessive, are rare, an Opinion 
supported by Byers and Hass from their study of sinus thrombosis. 

We find one exception to generalization that thrombi do not form 
except when infection exists. Bettinger presents a case of a child dying 
on the tenth day with a thrombus of the ductus arteriosus (ductus 
Botalli). There were no clinical signs except cyanosis and spasm. Sus- 
pected cerebral hemorrhage associated with a precipitate delivery was 
not shown at autopsy. There was no apparent infection. Despite 
this one case, the conclusion seems to be justified that intravascular 
clotting in abandoned fetal channels does not oceur, and we may next 
pass to a search for a rational explanation as to why it does not occur. 

Many studies have shown an increased coagulation time in the infant. 
(Rodda, Lucas and associates). This period lasts approximately ten to 
fifteen days—well beyond the normal limits of the functional abandon- 
ment of the various fetal channels. Seammon and Norris have shown 
that in 2 per cent the ductus arteriosus is completely obliterated at from 
eight to fifteen days. In 18 per cent the ductus venosus is no longer 
patent at from eight to fifteen days. While complete obliteration in the 
remainder of cases may extend well into the first year, functional aban- 
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_donment of the various channels is practically simultaneous with birth. 

Flow through these vessels then is practically nil, and flow is one of 
the four main factors postulated by Aschoff as necessary for the growth 
of thrombi by accretion of new platelets. 

Hydrodynamics, however, are not the main factors involved since 
fibrinous coagulation fails to oceur in the same way that it fails to oe- 
eur between two ligatures placed on either artery or vein unless the 
ligatures are septic (Fourmestreux). Included erythrocytes remain 


discrete and intact or are hemolyzed and absorbed. There is no organi- 


zation of clot as may occur in the adult. This is in keeping with the ob- 
served fact that extravasations into the brain, due to birth injuries, show 
no fibrin and are rarely organized. Levinson and Saphir have empha- 
sized this point when they state that 9 per cent of all newborn show 
hemorrhage but very few show permanent defects resulting therefrom. 

It will also be noted that increased coagulation time extends well be- 
yond the normal limits for the time of the dropping of the cord. The 
latter event oceurs generally on the fourth or fifth day and rarely as 
late as the fifteenth, unless infection exists. We believe that the con- 
clusion is justified that increased coagulation time noted in infancy is 
not incidental but that it exists as a part of the mechanism which pro- 
vides against thrombus formation during the period when the aban- 
donment of fetal channels would constitute a serious embolic threat. 

Many studies have been instituted in an attempt to associate increased 
coagulation time with the marked hemolysis and bilirubinemia noted in 
the first ten days of life. Mitchell reports an indirect van den Bergh 
in all children under fourteen days of age. Bonar claims that the 
icterus index reaches the birth level at the end of the twelfth day. 
Lueas and his coworkers claim that the bilirubinemia increases as the 
coagulation time inereases. The degree of jaundice, however, has no 
essential part in the mechanism but is purely incidental. Ylppé has 
reviewed the various theories responsible for the cause of the biliru- 
binemia. It is generally considered normal although it may become 
pathologie. 

Regarding the mechanism of clotting in the infant, Whipple has 
shown an increase in antithrombin. Lueas has pointed out the fact that 
the blood of the newborn shows no defect in retraction of clot in vitro 
and that no fibrinolysis occurs. The number of platelets are normal 
(Leslie and Sanford). Gelston reviewed the subject in 1921. Lueas 
thinks that the prolonged coagulation time is due to a platelet defect 
as in hemophilia. It is also generally held that bile pigments are marked 
anticoagulants, and hence the delayed clotting is due to the bilirubinemia 
since calcium is rendered inert by the bile pigments (Whipple). 

Whether or not we accept this conclusion, the bilirubinemia of in- 
faney appears to be not a part of a pathological process, but a part of 
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the normal mechanism (either cause or effect) which prevents thrombus 
formation during the critical period of vascular adjustment associated 
with birth. 

The hypothesis here offered correlates a whole series of hitherto ob- 
secure and isolated events: (1) increased coagulation time; (2) biliru- 
binemia; (3) time of dropping of the cord; (4) time of abandonment 
of the fetal vaseular channels; (5) absence of thrombi in such channels; 
and (6) absence of emboli except when infection exists. It affords a 
rational theoretical protective mechanism against the dangers of em- 
bolism during the period when the vascular bed is subject to the great- 
est amount of normal physiological insult. 
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AN OUTLINE OF THE PEDIATRIST’S RELATION 
TO MENTAL HYGIENE 


. Aupricu, M.D., WINNETKA, ILL., AND BorpEN S. VEEpDER, M.D., 
Str. Louis, Mo. 


N SPITE of, or perhaps because of, the growing literature about 

mental hygiene in childhood, there is still considerable confusion as 
to the relative function of pediatrists and psychiatrists in this field. 
We quite agree with the viewpoint expressed last year before this So- 
ciety by Dr. Crothers, that the ‘‘care of the whole child’’ is too large an 
order for any one man. In the present set-up the care of children must 
be participated in by physicians, nurses, psychiatrists, school-teachers, 
and all others whose businesses in life bring them in contact with chil- 
dren, the parents assuming the ultimate responsibility. We feel, how- 
ever, that in his use of the term ‘‘whole child’’ he somewhat mis- 
interpreted pediatric opinion in the matter, as we know of none who 
think that the entire responsibility for the welfare of children should 
rest in the physician’s hands. Those who have stressed the importance 
of mental hygiene, education, and community life in the field of pediat- 
ries have done so because they have felt that the children’s specialist 
must look upon the child as a whole, not simply as a physical organism, 
and because they have been sensitive to the importance of environ- 
mental factors aside from disease as influences upon growth and de- 
velopment. It is a matter of fact that the ‘‘whole child’’ is influenced 
profoundly by the pediatrist, whether or not he intends to impress him- 
self outside of the physical sphere. 

In view of the rather loose discussions in recent years, it has seemed 
to us that a more explicit definition of the actual function of physicians 
in mental hygiene is needed. It is the purpose of this paper to present 
in outline form what may be considered proper fields of endeavor for 
the pediatrist. 

We would immediately insist that in dealing with the problem as it 
exists today, the major effort of the pediatrist should be preventive. 
Physicans might be so well trained that they could treat serious psy- 
chiatric problems efficiently; but, since the rank and file are not so 
trained today, it would be an obvious error to advocate their assumption 
of this important service. The situation in the field of prevention, how- 
ever, is entirely different. The pediatrist is the only physician who sees 
many children at a time in their lives when prophylaxis is applicable. 
Because of his unique opportunity and because preventive measures are 
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not difficult technically, the children’s specialist may reasonably be ex- 

pected to undertake this most important task, during infancy and early 

childhood at least. Either he must accept this responsibility intel- 
ligently, or the whole matter will be relegated to chance. 

In order to make their influence felt most forcefully, there should be 
unity in ideals and in technic so that physicians can present a more 
united front than is possible at present. Such unity can only be at- 
tained after careful consultation between representatives of the groups 
most interested, physicians, psychiatrists, and educators. The following 
outline is intended to list, merely, the subjects which seem most impor- 
tant to us, 

I. Predominantly Physical Topics With Psychological Effects. 

A. Habit formation. In some eases a transfer of subcortical reflexes to 
cortical control. The optimum age for training 
in each case must be considered. 

1. Appetite. 
2. Sleep. 
3. Bowel and bladder control. 
4. Physical skills. 
5. Play. 
6. Personal hygiene. 
B. Associations with ill children. Bedside technic, pain, fear of doctor, 
suggestion, ete. 
1. Treatment of disease. 
2. Physically handicapped. 
3. Fatigue. 


ital subnormalities on a physical basis. Possibilities for care at 
home and in schools. 

1. Mongolism, cretinism, microcephaly, ete. 

2. Brain injuries, hemorrhage, trauma, inflammation, ete. 


Functional disturbances on a physical basis. Educational opportuni- 
ties and our advice. 
1. Reading and speech difficulties due to mixed cerebral domi- 
nance. 
Predominantly Psychologie Topics With Physical Effects. 
Emotions. Important in habit formation and personality develop- 
ment. 
1. Fear. 
2. Love. 
. Anger. 
. Hate. 
. Sorrow. 
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B. Conventionally unacceptable habits. The physician’s opportunity in 
prevention and early treatment. 

. Lying. 

Stealing. 

. Masturbation. 

Thumbsucking.< 

. Stammering. 

. Nail biting. 

Ties. 

. Disturbed sleep. 

. Daydreaming. 

. Heterosexual activities. 

11. Disorderlimess and uncleanliness. 

12. Temper tantrums. 


oo bo 


— 
So 


. Relation to society. From birth the physician must understand the 
complexity of the child’s problem. 
1. Negativism. 
2. Pathologie attachment to mother and nurse. 
3. Antisocial behavior. 


. Intellectual attainment. Physician must be able to give an approxi- 
mate opinion. 
1. Precocity. 
2. Mental retardation. 


. Motor states. Physician must recognize types in order to fit individ- 
ual into environment. 
1. Hypermotility. 
2. Hypomotility. 


. Adolescence. Understanding of major psychologic processes at this 
time. 


III. Environmental Factors Modifying Development. 


A. Edueation. Of major importance in physical and personality de- 
velopment. 
1. Parent. 
2. Nurse or nursemaid. 
3. Physician. 
4. Child’s school. 
B. Relation to other children in family. May be the cause of abnormal 
behavior in children. 
C. Playmates. 


D. Socio-economic factors. Perhaps the most important modern con- 
sideration in physica! and mental health. 
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A discussion of all of these items would obviously require a text. 
However, in order to illustrate, we are selecting a few subjects for brief 
expansion. 

It will require but few words before this Society to demonstrate that 
the child who has been so handled in relation to eating that he emerges 
from infaney with a pronounced aversion for food has suffered severe 
psychic trauma. Regardless of the cause of his anorexia or of the meth- 
ods that have been used, such a child has been deprived of one of the 
basic pleasures of life. Good mental hygiene does not include such 
deprivation in its plan. But, serious as this aspect of the problem may 
be, it often becomes a minor consideration in the tense situations which 
too frequently arise. Children are still being browbeaten, threatened, 
and even literally foreed and whipped into eating. Others are so 
pampered in efforts to secure ingestion of food that they become veri- 
table tyrants in the family life. The bad psychic effects produced by 
these situations are too obvious to require elaboration. Any competent 
psychiatrist recognizes that such backgrounds are major causes of 
psychologie difficulties in older children and adults. It is the experience 
of the authors that anorexia is easily preventable except in rare in- 
stances of chronic physical disease ; hence its prevalence is a direct chal- 
lenge to us, an urgent demand that prophylactic measures be applied 
more widely. 

Negativism is another type of abnormal mental reaction frequently 
encountered in developing children. In a sense it is the product of the 
child’s awareness of his own individuality times the violence of external 
forces applied against it. Our attitude toward the child strongly influ- 
ences these external forces. It is an easy matter for the pediatrist to 
recognize, even in early infancy, the type of baby who will be particu- 
larly resistant to coercion. The parents of such infants should be taught 
a tolerant attitude toward the growth and development of their babies 
so that they may learn to recognize in this exaggerated defense mech- 
anism a trait which may be of extreme value to the individual later 
on and so that they may be reasonable in their early efforts at education. 
It should be explained to all parents that children face a tremendous 
task in developing from almost entirely egocentric animals at birth into 
quite reasonable members of society by two years of age. They should 
be shown that it is the function of adults to smooth the way rather than 
to make it more difficult by lack of respect for the child’s individuality. 
It is our experience that the negativistie type of child is infinitely more 
worth while than his conforming neighbor, for the reason that he values 
himself more highly. In the prevalence of unhappiness in this type of 
patient, the pediatrist must recognize an appeal for preventive endeavor. 

As an example of what we mean by the pediatrist’s réle in preven- 
tion, we may cite as an illustration mixed cerebral dominance. While 
this outline was being discussed between us, one of us was called to see 
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a five-year-old child with a cold. The cold was of no importance, but 
it was noted that the child was uncertain as to which hand to use in 
drawing. On going deeper into the matter, it was found the child could 
spell her name by picking letters from blocks but wrote her name for- 
ward or backward, the direction seeming to make little difference to 
her. Thus a serious fault was accidentally discovered and proper meas- 
ures outlined as to her training and education—even to a change in the 
choice of schools which the parents had selected, on account of the meth- 
ods used in teaching reading. Thus a purely ‘‘medical visit’’ for a con- 
dition of little and transitory importance led to the discovery of a 
serious condition and, we hope, to a plan which will in all probability 
avoid serious maladjustment in a few years. It was not our function 
to reeducate and retrain the child, but to plan a system of education 
and training which would avoid difficulties arising from mixed cerebral 
dominance. Experience has shown that when such a condition is un- 
recognized, early educational difficulties are almost sure to arise and 
that these frequently end in behavior problems which require the 
psychiatrist in their treatment. 

All the items listed in the outline could be considered in a similar 
manner. The intelligence of our response to the eall for prevention 
will be, in a measure, dependent upon our respect for and knowledge of 
the physical and mental growth and development of children. 





THE PRESENCE OF THE MENINGOCOCCUS IN THE 
NASOPHARYNX OF NORMAL INDIVIDUALS, AND THE 
BACTERICIDAL PROPERTY OF BLOOD AGAINST THE 

MENINGOCOCCUS 
NELLES SILVERTHORNE, M.B. 
TORONTO, ONTARIO 


URING epidemics of meningococcic meningitis many authors have 

reported high contact carrier rates. However, the presence of car- 
riers has also been found during interepidemic periods. In 1931 
Cameron’ demonstrated four carriers in a group of twenty-nine persons 
swabbed, all of whom were in the same building. None of these individ- 
uals had been in contact with cases of meningitis. One of these individ- 
uals was still found to be a carrier one year later. In 1934 Rake? 
discovered carriers of the meningococcus in healthy individuals. Dudley 
and Brennan* in 1935 found a non-contact carrier rate as high as 60 per 
cent in a naval and military population. 

As these observations are of practical importance to the pediatrician, 
during the past two years we have studied the carrier rate in a non- 
contact population. As it is also relevant to assess the importance of 
certain immune reactions in the blood of individuals who may be har- 
boring strains of the meningococcus, we have investigated the bacteri- 
cidal property of the blood of normal individuals and of noncontact 
carriers against various strains of meningococci. 


TECHNIC 


West tube swabs were taken of the posterior nasopharynx, planted, 
and spread on dextrose blood agar plates. The plates were incubated 
at 37° C. for twenty-four to forty-eight hours, and colonies were picked 
and examined microscopically. Cultures of these colonies were planted 
in carbohydrate media containing dextrose, maltose, and saecharose. 
A suspension of each culture was tested with polyvalent antimenin- 
gocoecus serum. All strains isolated were found to be gram-negative 
diplococei and produced acid in dextrose and maltose but not in sac- 
charose. They agglutinated with polyvalent antimeningococcus serum. 


RESULTS 


Previous to the present study we had isolated meningococci from 
16 carriers in a group of 125 medical students. During the last two 
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years of this study, 63 healthy adults mainly physicians and technicians 
were swabbed at approximately monthly intervals. In all, 1,227 swabs 
were taken over the two-year period. No less than 243 were positive 
for the meningococcus. The percentage of the total positive swabs taken 
was 19.8. The monthly percentage of positive individuals varied be- 
tween 16 and 28, with an average of 20. For the two-year period, of 
the 63 healthy adults tested, no less than 26, or 41 per cent, showed the 
presence of the meningococeus in the nasopharynx at one time or an- 
other. In these 26 individuals, 11 were shown to be harboring the 
meningococcus fairly persistently. Thirteen carried the meningococeus 
intermittently, and in 2 instances cultures of the meningococeus were 
obtained on only one oceasion. It was also noted that there was either a 


complete absence or a marked reduction in the colonies of meningococei 


when swabs were taken during an acute upper respiratory infection in 
any given individual. These findings are in general agreement with 
those reported by Rake.* 

In 1934 Silverthorne and Fraser* demonstrated that samples of blood 
from many adults contained bactericidal power to a recently isolated 
strain of the meningocoeceus. Other adults and infants failed to mani- 
fest this property in their blood. These authors further showed that 
two infants with meningitis possessed relatively little or no bactericidal 
power in samples of their blood at the onset of the disease, but developed 
it after recovery. It was also shown that strains of meningococei vary 
in their ability to thrive in a sample of blood containing no bactericidal 
power when measured against a ‘‘virulent’’ spinal fluid strain. A 
‘‘virulent’’ strain is one that is lethal to mice in the more diluted suspen- 
sions in the mouse-mucin test.?. These findings furnish one with two 
facts, first, that strains of meningococci vary in their power to 
‘‘invade’’ a nonbactericidal sample of human blood and, second, that 
individuals possess varying amounts of the bactericidal principle in 
their blood against virulent meningococci. In 1935 we® found that the 
bactericidal principle was present in serum or plasma and depended on 
the presence of complement for its action. We also demonstrated the 
specificity of the bactericidal power of blood against the meningococcus 
and were able to produce this property in the blood of guinea pigs by 
vaccination with recently isolated virulent cerebrospinal fluid strains. 
Recently, we® have explored and extended some of these observations. 
The relation of the bactericidal power of blood to the virulence of the 
microorganism has been studied. Using as a control test a previously 
known nonbactericidal sample of blood, and a virulent recently isolated 
cerebrospinal fluid strain of the meningococeus, we demonstrated that 
samples of blood from five carriers were bactericidal to this virulent 
strain and to each of the five carrier strains. One might suppose from 
these findings that carriers possess bactericidal property in their blood 
which has been developed due to the continued presence of the menin- 
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gococcus in their nasopharynx. Most of the samples of blood from 
earriers which were tested possessed this property to certain virulent 
spinal fluid strains. We also demonstrated that the power of menin- 
gococci to invade a nonbactericidal sample of blood was, in general, 
parallel to the virulence of strains as judged on the basis of the mouse- 
mucin test of Miller. By the use of the mouse-mucin test and the bac- 
tericidal test, eleven noncontact carrier strains were examined. Three 
of these proved to be as virulent as any of the recently isolated spinal 
fluid strains, and the remaining eight strains proved to be avirulent. 
In later studies, strains both from spinal fluid and noncontact carriers 
were found to be in a ‘‘midposition’’ in respect of virulence, and one 
spinal fluid strain was avirulent as judged by the results of these tests. 
This latter finding may be due to the lack of the rapid subculturing on 
suitable media of this strain before being received. Samples of blood 
obtained from two of the three carriers of virulent nasopharyngeal 
strains had marked bactericidal power to their respective strains; the 
third was not tested. 
CONCLUSIONS 


1. A total of 1,227 swabs were taken from 63 normal healthy adults 


= 


over a two-year period; 19.8 per cent of these were positive for the 


meningococeus. 
2. Sixty-three individuals were swabbed at approximately monthly 


intervals. On these monthly examinations the number of positive in- 
dividuals varied from 16 to 28 per cent. No less than 41 per cent of 
the group of 63 were positive at one time or another during the two- 
year period. Eleven individuals were persistent, 13 intermittent, and 
2 transient carriers. 

3. Eleven noneontact carrier strains were examined by the bacteri- 
cidal and mouse-mucin tests; 3 of these strains were found to be viru- 
lent, and 8 were found to be avirulent. 

4. Carriers of the meningocoecus possess bactericidal power in their 
blood to their respective strains whether these strains are virulent or 
avirulent. Also, samples of blood from earriers possess bactericidal 
power to certain virulent cerebrospinal fluid strains. 

5. The determination of the virulence of strains of meningococci by 
means of the mouse-mucin and bactericidal tests may serve as a useful 
means of selecting strains for the preparation of therapeutic serum. 
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MEDIASTINAL LYMPHOSARCOMAS IN CHILDHOOD 
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INTRODUCTION 


O THE pediatrician malignant tumors of childhood bring to mind 

the Wilms’ tumors of the kidney, the retinoblastomas of the eye, 
the neuroblastomas of the adrenals, and lymphosarcomas. The latter 
are usually associated with the intestinal and cervical tumors rather 
than the mediastinal group. However, the mediastinal lymphosar- 
comas are the commonest form of massive mediastinal enlargement in 
children (Cooke') and perhaps the commonest form of lymphosar- 
coma. In six hundred fifty autopsies over a six-year period at the 
Children’s Memorial Hospital there were only four cases of malignant 
tumors of lymphoid tissue. Two were mediastinal, and of the other 
two, one was situated in the cervical glands and the other in the 
lymphoid tissue of the ileum. In this paper we wish to present the 
clinieal, roentgenologic, and pathologie findings in three cases of medi- 
astinal lymphosarcoma. These cases appear to be of sufficient interest 
and rarity to be worth while reporting. 


CASE I: CLINICAL AND LABORATORY NOTES 


J. K. (Case 692-36), aged six years, was admitted to the Medical Service of the 
Children’s Memorial Hospital on Jan. 8, 1936. 

Complaints.—Lethargy and anorexia. 

History.—The child had been seen one month previously by his physician when 
nothing remarkable was found in the physical examination of the chest. Two 
days before admission his physician was called to see him for the above complaints 
and found flatness over the entire chest, front and back, with displacement of the 
heart and trachea to the left. There was no respiratory distress. In the absence 
of fever, a tentative diagnosis of tuberculous pleurisy with effusion was made. 
The child was admitted to the hospital where the tuberculin test was found to be 
negative. 

Several attempts at thoracentesis gave no results. 

White blood cells numbered 8,050; polymorphonuclear leucocytes, 55 per cent; 
lymphocytes, 40 per cent; eosinophiles, 1 per cent; monocytes, 3 per cent; basophiles, 
1 per cent. The urine was normal. 

Roentgenologic Findings.—A chest film taken on admission revealed increased 
density throughout the right chest, associated with slight displacement of the heart 
and trachea to the left. Very little mediastinal enlargement was demonstrated (Fig. 
1). <A lateral view showed that the increased density was situated in the anterior 
part of the right chest, and that it was bounded posteriorly by a discrete convex 
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evidence of a small amount of free fluid in the 
was visible in the region of the right hilus, and 
a Ghon tubercle, was present, fairly well lateral 
Fluoroscopie examination 


border (Fig. 2). \There was also 
right pleural cavity. Calcification 
a small calcified area, apparently 


in the lung, opposite the third interspace anteriorly. 


showed the displacement of the heart and trachea to be greater during expiration 


than during inspiration. 
Fig. 1. 


Fig. 2. 





Fig. 3. 


Fig. 1.—Case 1. Radiograph of chest on admission, showing right-sided increased 
density, and slight displacement of heart and trachea to left. The original film 
reveals calcification. 

Fig. 2.—Case 1. Lateral view of chest 
situated anteriorly. 


Fig. 3.—Case 1. 


on admission. The increased density is 


Appearance of chest following right-sided pneumothorax. 


Reexamination of the chest one week later following the introduction of 80 c.c. 


of air into the right pleural cavity confirmed the presence of a smal! amount of 


free fluid on the right side. It also showed a large dense mass occupying the 
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anterior portion of the right chest. This mass measured approximately 8 by 13 cm. 
in diameter and its margins were quite discrete (Fig. 3). 

The roentgenologic findings suggested a diagnosis of mediastinal tumor. Dr. F. A. 
C. Serimger, surgeon-in-chief to the hospital, who saw the child in consultation, ad- 
vised its removal. Operation was performed Jan. 17, 1936, under avertin and 
gas. The following is the operation report: 

‘*One came upon a large, solid, tumor mass. It was up against the chest wall. 
The tumor was densely adherent to the lung, the whole of which was collapsed due 
to pressure of the tumor and was displaced laterally and posteriorly. The tumor 
itself was about the size of two fists and was encapsulated, the capsule being 
adherent to the chest wall and to the lung itself. A pedicle was felt which ran 
to the mediastinum. This was freed, thus liberating the tumor which was delivered 
into the wound. The pedicle of the tumor was then cut and removed. The tumor 
itself, on cutting into it, consisted of semisolid material and resembled grossly a 
sarcoma. Following removal of the tumor, the patient’s condition appeared very 
poor, respiration stopping and the pulse growing very feeble. The lungs, however, 
were expanded artificially by means of a bag and intratracheal tube, and respiration 
was resumed after about five minutes. The child’s condition then became poor, 
and, although artificial respiration was resorted to, he died before leaving the operat- 
ing table.’’ 

Pathologic Findings.—Gross: The specimen, which was removed surgically, con- 
sisted of a large, somewhat pyramid-shaped mass weighing 470 gm. It measured 
14 em. from base to apex, 14 em. in diameter at the base and 7 cm. in diameter at 
the apex. The capsule consisted of a thin veil of tissue in which there were areas 
of marked thickening. The point of excision could be seen as a break in the 
capsule through which tumor substance protruded. The cut surface presented a uni- 
form yellowish white encephaloid appearance. A few, small, scattered hemorrhages 


were present throughout the tumor, and centrally there were streaks of bright yellow. 
A few indefinite septums radiated centrally for a short distance from the periphery. 


The autopsy (A-36-9) was performed four hours after death and was limited 
to the removal of the thoracic and abdominal organs through the surgical incision. 
For this reason the relationship of the various viscera could not be accurately ascer- 
tained. 

At the cephalic end of the mediastinum a stub of tumor tissue was found, to 
which the mass removed surgically had been attached. On the left side of the 
trachea in this region, there was a flat piece of tissue which grossly appeared to be 
the left lobe of the thymus. The paratracheal lymph nodes on both sides were en- 
larged to twice their normal size, were discrete and obviously infiltrated with 
neoplastic tissue. Both lungs were collapsed and congested. In the anterolateral 
portion of the upper lobe of the right lung, there was a subpleural, encapsulated, 
calcified nodule 0.3 cm. in diameter. Grossly this was a Ghon tubercle. In the 
hilus of the right lung there was a large caseous partially calcified lymph gland 
adherent to a neighboring bronchus. The remainder of the hilar glands on both sides 
was normal. No gross lesion could be seen in the left lung. Both pleural cavities 
were normal. 

The anterior pericardium about the root of the aorta showed several large, thin, 
plaquelike masses extending down from the mediastinum. The pericardial sae con- 
tained a normal amount of fluid which, as far as could be made out, was not hemor- 
rhagic. The tumor did not extend behind the pericardium. 

The liver weighed 548 gm. as compared with the normal 642 gm. It showed no 
gross change. The spleen weighed 78 gm. (normal 58 gm.). The cut surface of the 
spleen was bright red and somewhat soft with the lymphoid nodules standing out 
prominently. The gastrointestinal tract showed no change except for a marked 
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prominence of the submucosal lymphoid tissue in the region of the ileocecal junction. 
The mesenteric and the retroperitoneal lymph glands, the myocardium, and the 
kidneys were normal. 

Microscopic: Tissues were fixed in Zenker formol and formalin, embedded in 
paraffin and stained by differential methods. The sections from the surgical specimen 
showed most of the essential features of the tumor. They presented a strikingly 
uniform picture consisting of sheets of medium sized lymphocytic cells dotted at 
irregular intervals by larger pale staining cells (Fig. 4). 

Some sections showed wide collagenous septums with finer strands branching off 
from these. They bore a distinct resemblance to the septums of the normal thymus 
gland. In one area, just beneath the capsule, were several small lobules separated 
by wide strands of connective tissue. These contained Hassall’s corpuscles and 
were undoubtedly thymic tissue. The lobules were, however, completely replaced by 
tumor cells, which did not invade the surrounding connective tissue (Fig. 5). 

Examination of a large series of sections showed the presence of a few normal 
and atrophic Hassall’s corpuscles throughout the tumor. Many of these had almost 
completely disappeared, apparently as a result of invasion by the surrounding tumor 

















Fig. 4. Fig. 5. 


Fig. 4.—Case 1. Low power photomicrograph showing tumor cells. Dotted at 
irregular intervals are pale staining reticular cells. Hemaium, erythrosin, and saffron 
stain. 

Fig. 5.—Case 1. Low power photomicrograph showing thymic lobules at the 
periphery of the surgical specimen replaced by tumor cells which do not invade the 
trabeculae, Several pale staining Hassall’s corpuscles can be seen surrounded by 
malignant cells. Hemalum, erythrosin, and saffron stain. 


cells. The presence of fairly numerous eosinophilic leucocytes also served to identify 
this tissue as being originally thymus. The tumor cells themselves were of the 
medium-sized lymphocytic type. The nucleus was round, large, and more vesicular 
than the small lymphocyte, and contained a good deal of deeply staining chromatin, 
the amount of which varied somewhat from cell to cell (Fig. 6). The majority of 
the cells showed no visible cytoplasm, but a few had a narrow strip of nongranular, 
basophilic cytoplasm at one pole. There was, as a rule, one, but sometimes two, 
acidophilic nucleoli. 

The most interesting feature of the sections was the presence of groups of 
closely packed cells which under low magnification gave the impression of staining 
more deeply than the remainder of the tumor cells. On oil-immersion examination, 
they appeared to have no cytoplasm, and their nuclei were actually larger and 
more vesicular than the type cell of the tumor. The depth of staining was due to 
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their being so tightly packed. Mitotic figures in these foci were very numerous 
as compared with the rest of the tumor (Fig. 7). There was a gradual transition 
in differentiation from the primitive cell areas into the surrounding more dif- 
ferentiated, more loosely packed tumor cells. These areas lay mostly beneath the 
capsule or in close contact with the collagenous septums. Like the germinal centers 
of the lymph nodes, they contained relatively few reticulum fibers as compared with 
the remainder of the tumor. As will be seen later, in the left lobe of the thymus, 
these primitive cell areas were the actively growing foci of the tumor. 

The peculiar pale cells noted under low power magnification (Figs. 4 and 6) 
were round or branched, were wedged between the lymphocytes, and had nuclei 
which were mostly round or oval with scanty fine chromatin granules and one 
nucleolus, although many were pyknotic. The cytoplasm was acidophilic and con- 
tained numerous tiny vacuoles and a few basophilic granules. These cells, which 
were separated from each other by tumor cells, were numerous in some areas and 
searce in others. They were present in both the primitive and differentiated cell 
areas. The vacuoles contained neutral fat droplets as shown by the scharlach R 
stain. These cells were obviously not fat cells, showed no evidence of activity, and 

















Fig. 6. Fig. 7. 
Fig. 6.—Case 1. Oil immersion photomicrograph of tumor cells. Stain used does 
not demonstrate the vesicular appearance of the nuclei. Note the two reticular cells 


in the center of the picture. Compare this photograph with Fig. 7. Iron hematoxylin, 
Ponceau fuchsin, aniline blue stain. 

Fig. 7.—Case 1. Same magnification and section as Fig. 6. This shows the cells 
of the primitive cell areas. Note the size, the vesicular character of the nuclei, and 
the numerous mitotic figures as compared with Fig. 6. Iron hematoxylin, Ponceau 
fuchsin, aniline blue stain. 

did not appear to be taking any part im the tumor process. They were, in fact, 
the reticular cells of the thymus and appeared to be degenerating, as shown by the 
fatty droplets in the cytoplasm and the pyknotic nuclei. 

In the sections of the tumor from the postmortem, the cell type was essentially 
the same as that in the surgical specimen referred to above. The mass on the left 
side of the trachea was in part thymus. Although it was extensively infiltrated by 
tumor cells, it had retained its lobulated structure, and the cortex and medulla could 
be distinctly made out. Besides a few Hassall’s corpuscles in the medulla, these 
two were differentiated by the presence of numerous primitive cell areas in the 
cortex (Fig. 8), exactly similar to those seen in the surgical specimen. The medulla 
contained only the differentiated type of tumor cell. The same gradation between 
the two areas was present as was seen in the surgical specimen. 

It would seem that the neoplastic process had originated in the cortex with 
subsequent involvement and replacement of the medulla by the lymphosarcomatous 
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process. The capsule of the left lobe was slightly infiltrated but was intact, except 


at one point where the tumor had broken through it and extended into the sur- 


rounding connective tissue. 

Laidlaw’s reticulum stain of the sections from the left lobe of the thymus showed 
a slight but definite increase in reticulum. This, in the normal thymic tissue, is very 
seanty and is mostly situated about blood vessels with almost none of the cortex. As 
in the normal gland, the reticulum was coarse both in the left lobe and in the main 
mass of the tumor in the right lobe. 

The plaques noted grossly in connection with the parietal pericardium contained 
tumor cells. The inner surface of the pericardium was indicated by an irregular 
deposit of fibrin and red blood cells and an occasional cell of the serosal type. The 
opposite aspect of these plaques showed a thin collagenous layer, which was thymic 
capsule, for just within it was a zone of primitive tumor cells, similar to those 
previously described. The inner half of the plaque contained loosely arranged 
tumor cells and capillaries with a few strands of elastic tissue. These latter were 
probably remnants of the elastic tissue of the parietal pericardium. This section 














Fig. 8.—Low power photomicrograph of capsule, cortex and medulla of the left 
lobe of the thymus. Note the densely staining primitive cell areas (for cell character, 
Fig. 7) in the cortex (top of photograph). Hemalum, erythrosin, and saffron stain. 


clearly illustrates the reason for the early involvement of the parietal pericardium 
in thymie lymphosarecomas. It is a result of the involvement of that part of the 
thymus which normally overlaps the parietal pericardium about the root of the 
aorta. The frequent occurrence of hemorrhagic pericardial effusion in thymic 
tumors is explained by the extension of tumor cells from the overlying thymus into 
the parietal pericardium. 

The hilar lymph nodes of the lungs were normal. Most of the lung tissue was 
atelectatic and congested. The pleura of the right lung showed focal microscopic 
involvement by tumor cells associated with hemorrhages. This invasion was probably 
due to direct contact with the overlying tumor. A few bronchi in both lungs were 
infiltrated with small lymphocytes and plasma cells indicating mild peribronchitis. 
Many groups of alveoli and even small lobules showed a mild lipoid pneumonia. The 
alveolar walls were thickened, infiltrated by small lymphocytes and had an epithelial- 
like lining. This lymphocytic infiltration appeared to be inflammatory rather than 
neoplastic, as the cells were small, stained deeply, and showed no mitotic figures or 


nucleoli. The alveoli were filled with vacuolated macrophages. 
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-The caseous gland in the right hilar region was encapsulated and partially 
It showed no definite histologic evidence of tuberculosis beyond an oc- 






calcified. 
easional Langerhan type of giant cell. The calcified lesion in the upper lobe of the 


right lung was encapsulated by a dense fibrous tissue wall and was apparently a 








healed primary tuberculous focus. 

The lymph nodes of the mediastinum were largely replaced by sarcomatous 
cells, but their architecture was distinct and a few primary and secondary nodules 
were present. There was a mass on the right side of the trachea which was prob- 
ably thymus, as it showed a few indefinite Hassall’s corpuscles, reticular cells and 






eosinophilic leucocytes. Thea neighboring connective tissues were extenively in- 
filtrated by tumor cells, as contrasted to the tissues about the lymph nodes which 
showed relatively little involvement. The arterial walls were intact, whereas the 
As will be seen later, this vas- 







venous walls had been invaded by the tumor cells. 
cular invasion had oecurred to a greater degree in the second ease. 






The mesenteric lymph nodes, the grossly hyperplastic lymphoid tissue of the 





cecum and ileum and their associated lymph glands showed no change that could be 
ealled neoplastic. The lymph glands about the upper abdominal aorta were normal 
with one exception. This latter was no larger than the others but was completely 







replaced by sarcoma cells. The capsule was not invaded, and there was no increase 
Except for 






in the reticulum, but these fibers were widely separated by tumor cells. 
this fact which seemed to favor metastatic invasion, it was impossible to say whether 
this isolated lymph node neoplasia was part of a systemic process or a purely 
metastatic involvement. The superficial lymph nodes due to autopsy restrictions 







could not be examined. 

The liver, the kidneys, the adrenals, and the pancreas were free from tumor. 
The malpighian corpuscles of the spleen were clearly defined and contained well- 
developed germinal centers. The red pulp was markedly congested and contained 
cells of the lymphoid series with a few neutrophilic and eosinophilic polymorphonu- 







clear cells. There was no suggestion of a leucemic process. 





The bone marrow of the costochondral junction showed definite changes which 
gave rise to some controversy in their interpretation. Under low magnification, the 







marrow was seen to be unusually cellular due to the presence of numerous deeply 
staining cells either scattered diffusely through the marrow or arranged in small foci. 
The deeper staining cells consisted of a dense staining nucleus with a fair amount 
of basophilic cytoplasm about it. These were erythroblasts and were associated 
this cell 








with a few polychromatophile erythroblasts and normoblasts. Most of 


t 






activity appeared to be erythroblastic. 





Comparison with the costochondral junction of a-six-year-old child who died of a 
congenital cerebral lesion showed a marked similarity between the two sections but 






there was greater cellular activity in the tumor case. Nevertheless, there were cells 
present which closely resembled lymphocytes in that they had almost no cytoplasm 
and fairly dense nuclei with nucleoli. These looked more like small lymphocytes 
However, a few similar cells could be seen in sections from 







than neoplastic cells. 
ribs of normal cases. The myeloid elements appeared to be normal. The slides from 


the costochondral junction were shown to a number of pathologists, of whom all but 
one believed it to be erythroblastic. One considered that the marrow might be 












sarcomatous. We believe it to be erythroblastic. 






Diagnosis.—Primary lymphosarcoma of the thymus gland with in- 
volvement of the mediastinal lymph nodes, the parietal pericardium, 
right pleura, and one small retroperitoneal lymph node. Erythroblastic 







activity of bone marrow. 
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CASE II: CLINICAL AND LABORATORY FINDINGS 


B. C. (Case 3096-35), aged eleven years, was admitted to the Medical Service of 
the Children’s Memorial Hospital on March 6, 1935. 

Complaints.—Malaise for two weeks following a respiratory infection. Easy 
fatigability, disturbed sleep, and nervousness. 

Past History—At one year she weighed 22 pounds. Following pneumonia at 
one year of age she developed celiac disease and was treated at various clinics. 
She had had measles and chickenpox. At the age of five years she weighed 25 
pounds. She did not walk until five years of age. 

Family History.—Her father died seven years ago of tuberculosis. A brother, 
aged thirteen years, has a positive Mantoux reaction. 

Examination on Admission.—The examination on admission showed the child 
was surprisingly well developed and well nourished. She showed no signs of dis- 
comfort. There were signs of fluid in the left chest with displacement of the heart 
and trachea to the right. Temperature was 99.8° F.; pulse, 85; respirations, 22. 
Red blood cells numbered 4,420,000; white blood cells, 12,000; hemoglobin, 80 per 
cent; and the differential count was as follows: Polymorphonuclear leucocytes, 30 
per cent; lymphocytes, 61 per cent; eosinophiles, 2 per cent; monocytes, 3 per cent; 
myelocytes, 4 per cent. 

The Mantoux test was positive. 

March 7: Left chest was aspirated, and 700 e¢.c. of reddish brown fluid was ob- 
tained. This fluid on smear showed differential counts of 90 per cent large lympho- 
eytes with 10 per cent polymorphonuclears. Inoculated guinea pigs died of gen- 
eralized tuberculosis. Between March 7 and April 2 she received four blood trans- 
fusions, which, however, did not control a progressive anemia; by April 10 the blood 
eount was as follows: Red blood cells, 1,400,000; white blood cells, 23,000; hemo- 
globin, 30 per cent. 

April 17: Red blood cells, 2,080,000; white blood cells, 18,400. 

April 21: White blood cells, 19,800. 

April 24: Red blood cells, 2,180,000 ; white blood cells, 88,050; platelets, 30,000; 
reticulocytes, 2.3 per cent, hemoglobin, 40 per cent. 

The differential count of leucocytes was as follows: Neutrophile polymorphonu- 
clears, 24 per cent; lymphocytes, 4 per cent; eosinophiles, 1 per cent; myelocytes, 


2 per cent; metamyelocytes, 3 per cent; myeloblasts, 33 per cent; and unclassified, 
33 per cent. (These were probably myeloblasts, but lacked the characteristic nu- 


cleolus. ) 

Goodpasture’s stain showed 78 per cent of the white cells to be oxidase negative. 

Later, in view of the autopsy findings, these cells cannot be interpreted as 
myeloblasts, but rather as primitive lymphocytes. The lack of gradation of these 
cells into adult cells of the granular series is in favor of this. The nuclei of these 
cells were vesicular as compared to the normal blood lymphocyte, and many contained 
nucleoli, thus resembling the tumor cells. 

The spleen became at this time just palpable, while the axillary glands appeared 
to be slightly enlarged to palpation. A small nodular mass was felt at the left 
costal margin, which was thought to be enlarged abdominal glands. 

On May 1 she developed generalized purpura and died on May 3. 

Roentgenologic Findings.—A radiograph of the chest taken on March 7, 1935, 
revealed definite displacement of the heart and trachea to the right, and an ex- 
tensive collection of fluid in the left pleural cavity. A bubble of air was present 
at the left apex, this film having been made following the aspiration of a small 
amount of pleural fluid, and resultant leakage of air. No lung detail could be seen 
on the left side, with the exception of a dense area which occupied the medial por- 
tion of the left apex above the fluid level (Fig. 9). 
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. Examination on April 1, 1935, revealed slightly more marked displacement of the 
heart and trachea to the right, and showed that the left chest was completely 
dense. Examinations at frequerft intervals showed gradually increasing cardiac 
displacement and showed that the left chest remained opaque. 

The final examination on April 29, 1935, was made in the upright position, follow- 
ing the introduction of a small amount of air into the left pleural cavity. This air 
did not travel up higher than the fourth interspace anteriorly. The heart and 
trachea were tremendously displaced to the right (Fig. 10). 

When this child was first admitted to the hospital, the presence of signs of fluid 
in the chest, together with a history of exposure to a tuberculous father and the 
finding of a strongly positive Mantoux reaction, naturally led to an initial diag- 
nosis of tuberculous pleurisy with effusion. The first demonstration of bloody 
pleural fluid, however, made one pause and give serious consideration to a diagnosis 
of thoracic neoplasm. 

Pathologic Findings.—Gross: The autopsy (A-35-42) was performed sixteen 
hours after death. There were numerous subcutaneous petechial hemorrhages over 
the abdomen and chest. The superficial lymph nodes were not enlarged. To the 











Fig. 9. Fig. 10. 


Fig. 9.—Case 2. Radiograph of chest following aspiration, showing left-sided fluil 


and air, a mass in the left upper medial chest, and cardiac displacement. 
Fig. 10.—Case 2. Chest seven weeks after admission. The cardiac displacement 


has increased and air injected on the left side does not rise to the apex. 


left of the sternum a diffuse nodular, slightly raised mass could be palpated just 
beneath the skin. On reflecting the skin of the chest, tumor tissue was encountered. 
This had reached the body surface by infiltration through the intercostal spaces to 
invade the muscles and the subcutaneous tissues. Upon opening the chest, ‘the 
sternum in its upper half was adherent to a large hemorrhagic mass lying behind it. 

This mass occupied the superior mediastinum, surrounded the trachea and the 
adjacent great vessels, had infiltrated and was adherent to the upper medial aspect 
and apex of the left lung (Fig. 11). Numerous large lymph nodes extended up 
from the apex of the tumor into the left anterior triangle of the neck. No trace 
of thymus could be found. The tumer involved the anterior surface and left 
lateral aspect of the parietal pericardium. A large hemorrhagic mass 3 em. in 
thickness extended posteriorly to the pericardium as far down as the diaphragm. As 
a result of this, the heart was displaced to the right and ventrally. The trachea 
was displaced to the right of the vertebral column. The esophagus was similarly 
displaced to the right, but in its lower half it was also displaced anteriorly because 
of a chain of enlarged lymph glands lying behind it. These extended to the 
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diaphragm. The pericardial sac contained 250 ¢.c. of thin hemorrhagic fluid. 
There were smooth, large tumor masses bulging through a grossly intact parietal 
pericardium. The visceral pericardium and myocardium showed no gross involve- 
ment. 

The right lung showed nothing of note. A small caseous lymph gland was 
found at the bifureation of the trachea. Three-quarters of the left lung resembled 
a piece of beefsteak, and grossly suggested extensive involvement with tumor. 
The medial quarter of the lower lobe was atelectatic, but its appearance did not 
suggest tumor involvement. The left pleura was thickened, and the pleural cavity 
was filled with a layer of blood clot 3 em. thick. 

The lymph glands of the celiac axis were about four times their normal size, 
adherent to each other and sarcomatous in appearance. The left adrenal was in- 
volved by direct extension from these glands. The involvement of the celiac glands 
appeared to have taken place by direct extension through the diaphragm. The 
retroperitoneal and mesenteric lymph glands were grossly normal. 

On cross-section, the mediastinal tumor presented a uniformly hemorrhagic ap- 
pearance with large, white nodules, 3 em. in diameter, situated posteriorly and 














Fig. 11.—Case 2. Gross photograph of autopsy specimen. The mediastinal tumor 
is at the top of the photograph, part of the left lung can be seen to the right, while 
the posterior and left lateral aspect of the pericardial sac lies in the lower central 
portion of the photograph. The heart and anterior portion of the pericardial sac 
have been removed, 


laterally. A few coarse trabeculae could be seen radiating into the tumor from 
the periphery. After removal of the pleura, masses of hemorrhagic tumor tissue 
could be seen plastered to the left side of the vertebral column and the posterior 
ends of the contiguous ribs. 

The liver weighed 1,000 gm., as compared with the normal 909 gm. for this age. 
Its cut surface was yellowish and greasy, suggesting fatty infiltration. There 
was no evidence of tumor metastases. The spleen weighed 113 gm. as compared 
with the normal 87 gm. The cut surface was pale, and the pulp was firm to palpa- 
tion. No nodules could be seen. The kidneys were grossly normal. The right 
adrenal was normal; the left adrenal was involved by direct extension from the 
glands of the celiac axis. The pelvic organs were normal. 

The metaphysis of the right femur showed a firm white infarct measuring 1.4 
em. in length and 0.8 em. in width. The metaphysis of the right tibia contained a 
more recent infarct in that it was soft and deep red in appearance. The surrounding 
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marrow was deeply congested but not unduly soft, and there did not seem to be 
any decrease in the bony trabeculae. The marrow in the center of the femur was 
normal, 

Microscopic: ‘Tissues were fixed in Zenker and bichromate formol, embedded in 
paraffin, and stained by differential methods. 

The main mass of the tumor and the lymph gland metastases consisted of a 
fairly uniform cell type. These cells resembled those of the previous case and 
were of the medium size lymphocytic type (Fig. 12). Most of them appeared to con- 
sist wholly of nuclei, but a few had a thin rim of basophilic cytoplasm. The 
nuclei were vesicular, but less so than reticular cells, and showed some variation In 
chromatin content. The majority contained one or more nucleoli. They were closely 
but not densely packed and showed only a few mitotic figures. In addition to the 
main cell type, there were a few isolated cells which contained more cytoplasm and 


a vesicular nucleus and which resembled reticular cells. In the connective tissue 
bands running through the tumor and in the thickened pleura, a few small lympho- 
eytes and neutrophilic and eosinophilic polymorphonuclear cells were present. Nu- 


merous sections from the region of the thymus were cut before any trace of thymic 

















Fig. 12. Fig. 13. 

Fig. 12.—Case 2. Oil immersion photomicrograph. The tumor cells are fairly uni- 
form in size but show some variation in chromatin content. This is a more trans- 
parent stain than that used in Fig. 6, but the cells are similar. Hematoxylin, 
eosin azure A stain. 

Fig. 13.—Case 2. Low power photomicrograph showing tumor cells in the lumen 
of a venous channel and attached directly to surrounding tumor by a pedicle passing 
through a break in the endothelial lining. Red blood cells are present in the lumen. 


structure could be seen. In these areas small atrophic thymic corpuscles were pres- 
ent. Their scarcity and the fact that they were not found in the lymph gland 
metastases demonstrated that they were remnants of the thymus and not newly 
formed structures. Here, too, there was a rather indefinite suggestion of thymic 
lobulation. 

The white nodules noticed grossly in the main tumor were incorporated lymph 
glands, with distinct capsules infiltrated by tumor cells. In these glands a few 
primary and secondary follicles could be seen. These findings would lead one to 
suppose that these glands were secondarily involved; otherwise it would be difficult 
to explain why the thymus should so completely lose its characteristic architecture 
while the lymph glands should maintain theirs. Diffuse hemorrhages were present 
throughout the tumor, particularly in the thymic region and throughout the con- 
nective tissues. 
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The walls of the arterial trunks were intact, while those of the venous trunks 
were extensively invaded up to and involving the endothelium. Throughout the 
whole mass, large venous channels were seen in which the infiltration of the wall 
had become so extensive that only the endothelial layer separated the tumor cells 
from the blood stream. In several instances these vascular channels actually con- 
tained masses of tumor cells and in a few these masses of tumor cells could 
actually be seen attached to the surrounding tumor by a pedicle of malignant cells 
extending through the venous wall (Fig. 13). This finding, and the fact that the 
lumina of blood vessels with intact walls contained cells closely resembling tumor 
cells, suggested the possibility of explaining at least in part, if not all, the terminal 
blood picture in this case. The parietal pericardium, like the veins, was extensively 
involved. 

The left lung presented a most amazing picture which was difficult to interpret 
at first glance. It appeared to be infarcted in that the lung architecture had been 
wiped out, and the tissue appeared to have been wholly replaced by red blood cells, 
the arrangement of which occurred in groups separated by strands of fibrinlike 
material. With the aid of reticulum and elastic tissue stains, alveoli were indis- 
tinctly demonstrated in many places. On the other hand, numerous well-stained 
nucleated cells arranged either diffusely or in groups could be seen; the red cells 
were distinct in their outline, and very little fibrin was present. And thus we see 
that although it had characteristics of both a recent and a late infarct, it could 
not be classified as either, in that in the former case there would be no loss of 
lung architecture, while in the latter event there would be extensive necrosis and 
lack of cell outline. 

Throughout the above mentioned lung tissue, groups of tumor cells were present; 
in some places the infiltration was extensive. In addition, there were numerous 
cells of different types, consisting of small lymphocytes, neutrophilic and eosino- 
philic leucocytes, with a scattering of myelocytes and a few plasma cells. The most 
interesting feature of the lung sections was the presence of giant cells with a large 
amount of basophilic cytoplasm. The nuclei were polymorphous; the majority were 
lobulated, stained deeply, and closely resembled megakaryocytes (Fig. 14). The ad- 
joining atelectatic lung tissue contained numerous macrophages in the alveoli whose 
nuclei and general appearance resembled the above mentioned giant cells. It is 
possible that these megakaryocyte-like giant cells had risen from the histiocytes of the 
lung alveoli. There were no giant cells in the tumor. Benzidine stains showed the 
lung to contain relatively numerous peroxydase-positive cells as compared with the tu- 
mor proper, which contained none. 

Sections in the region of the intercostal muscles, muscles of the chest wall, and 
subcutaneous tissues simply showed tumor infiltration between the muscle and 
collagenous bundles. The cells were of a uniform type. 

The parenchymal liver cells showed patchy, fatty degeneration. Many, but not 
all, of the periportal spaces were infiltrated with cells. Yet the spaces were not en- 
larged, and there was no cellular invasion of the parenchyma. These cells consisted 
of small lymphocytes, a few eosinophilic polymorphonuclear cells, and the majority 
of cells resembled tumor cells. This involvement, although leucemic in type, was 
not as well developed as one would expect to find in a typical case of leucemia. 
The architecture of the spleen was not as well outlined as the normal. Malpighian 
corpuscles could be distinguished, but their boundaries faded indistinctly into the sur- 
rounding red pulp. The red pulp was unusually cellular and contained cells not 
unlike the tumor cells. Many of the cells were in the sinuses, while others appeared 
to be spreading peripherally from the malpighian corpuscles. Again, as in the liver, 
these lesions were not as well developed as in typical lymphatic leucemia. The kid- 
neys were normal. The lymph tissue of the intestinal wall showed no deviation 
from the normal. 





WIGLESWORTH ET AL.: MEDIASTINAL LYMPHOSARCOMAS 343 


_ The lymph nodes in the region of the celiac axis were almost completely replaced 
by sarcoma cells, and there was extensive invasion of the surrounding tissues by 
these cells. The remainder of the retroperitoneal and mesenteric lymph nodes were 
normal in structure. Unfortunately no sections were made of the superficial lymph 
nodes. The caseous lymph gland in the mediastinum was histologically tuberculous. 

The bone marrow of the sternum, costochondral junctions, ribs, and long bones 
showed similar neoplastic changes, and with the exception of the long bones, it 
was replaced completely by neoplastic tissue. The long bones showed extensive 
focal replacement, but the myeloid elements, while reduced in number, were still 
present. The megakaryocytes were few, and those that were present showed marked 
vacuolization. There was no diminution in number of the trabeculae of the bones. 
The infarcts which had been noted grossly were histologically true infarcts. 


Diagnosis.—Primary lymphosarcoma of the thymus with direct me- 
tastases to pericardium, left lung, left pleura, left cervical lymph nodes, 
mediastinal lymph nodes, and the lymph nodes of the celiac axis, with 
leucemia-like involvement of liver, spleen, and bone marrow. 














Fig. 14.—Case 2. Oil immersion photomicrograph showing a megakaryocyte-like cell 
in the infarcted left lung. Hemalum, erythrosin, and saffron stain. 


CASE III: CLINICAL AND LABORATORY FINDINGS 


T. L. (Case 2112-33), aged six years, was admitted to the Medical Service of the 
Children’s Memorial Hospital on Feb. 9, 1933. 

Complaint.—Swelling of the face, trunk, and legs. 

Present Iliness——One month prior to admission the child began to lose her ap- 
petite, and at that time it was noticed that the eyes became swollen, particularly 
in the morning. The rest of the face gradually become involved. No other parts 
of the body were involved at that time, and the condition cleared up in about two 
weeks. The child returned to school, but two weeks later edema of the face again 
appeared and since then gradually spread to the trunk and legs. These symptoms 
closely resemble the so-called superior vena cava syndrome. 

Physical Examination.—The child was well nourished. Weight on admission was 
49 pounds. The submaxillary, left axillary, and left epitrochlear glands were all 
moderately enlarged. Otherwise there was no remarkable lymphadenopathy. The 
left side of the chest was more prominent than the right, but the expansion seemed 
equal on both sides. No tactile fremitus was present on the left. The percussion 
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note over the entire left chest was flat up to the first rib anteriorly and the second 
interspace posteriorly. The left border of the heart could not be made out. The 
right border of the heart was well to the right of the sternal edge. The right lung 
was resonant throughout. Tubular breathing was audible at the left apex, diminished 
breathing below. Breath sounds were present on the right side. There were no rales. 
The heart sounds were very distant, sufficient to suggest a pericardial effusion. 
There were signs of fluid in the abdomen. The liver was enlarged to the level of 
the umbilicus. The spleen was just palpable. The diagnosis lay between Pick’s 
disease and a mediastinal tumor. 

Laboratory Findings.—White blood cells numbered 17,200; platelets, 321,000; 
polymorphonuclear leucocytes, 51 per cent; lymphocytes, 38 per cent; monocytes, 6 
per cent; eosinophiles, 2 per cent; metamyelocytes, 2 per cent; and basophiles, 1 per 
cent. 

Blood urea nitrogen 17 mg. Globulin 2.17% 


Fibrinogen 0.73% Total protein 
Albumin 4.66% 








Fig. 15 Fig. 16. 


Fig. 15. ‘ase 3. Film of chest made after aspiration of left-sided pleural fluid. 
rhe peric: avdiem is enlarged to the right, and there is a large mass in the left upper 
nredial chest. 

Fig. 16.—Case 3. Chest nineteen days later. he pericardium is less markedly 
enlarged to the right, but the mass in the left upper chest has increased. 


The Wassermann reaction was negative. 

On aspiration of the chest 25 ¢.c. of straw-colored fluid was withdrawn. The 
total cell count was 9,500; specific gravity, 1.008 gm.; total protein, 20 per cent; 
chlorides, 305 mg. 

Several further aspirations were done with rapid reaccumulation after withdrawal. 
Each suecessive thoracentesis yielded fluid which was increasingly sanguineous. 
Dyspnea gradually increased, and the child died April 2, 1933. 

Diagnosis.—Lymphosareoma of mediastinal origin. 

Roentgenologic Findings.—The first film made on Feb. 9, 1933, revealed a rather 
extensive left-sided pleural exudate. A dense mass was present in the left upper 
medial chest, and the superior mediastinum was broadened to the right. The right 
border of the pericardial shadow was enlarged to the right, but its left border was 
obseured. A second film taken the same day following the aspiration of pleural fluid 
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(Fig. 15) showed the mass in the left upper chest considerably better, but other- 
wise added little information. The pericardium was still enlarged to the right, 
and the superior mediastinum was broadened to the right. 

Examination during the month of February showed that the pleural fluid ac- 
cumulated rapidly. <A film was made on Feb. 28, 1933, following aspiration of fluid 
from the left pleural cavity and introduction of air, and also the withdrawal of 
500 e.c. of pericardial fluid (Fig. 16). The mass in the left upper chest was seen 
to be larger and the right border of the pericardium was much closer to the mid- 
line. Aspiration of pericardial fluid produced similar changes on March 28, 1933, 
and by this time the left chest was completely opaque. 

Pathologic Findings.—On March 2, 1933, biopsy of the left axillary glands was 
performed. Grossly and microscopically the glands were normal. Smears and 
paraffin sections of the pleural fluid were made on two occasions. These showed 
numerous red blood cells, polymorphonuclears, and discrete masses of atypical 
lymphocytes. The cells were of uniform size, larger than a small lymphocyte, 
stained less deeply, and consisted in most instances of an apparently naked nucleus 
with a nucleolus. Seattered through these were larger cells showing vacuolization, 
apparently degenerative. A few large cells with vesicular nuclei and basophilic 
cytoplasm were present. These cells, in view of their appearance and the fact that 
they formed discrete masses, were undoubtedly malignant lymphocytes. 


DISCUSSION 


Although the origin of the small lymphocyte-like cell of the thymus 
is still a moot point, for convenience we shall cali them lymphocytes, 
while not committing ourselves to one or other theory. 

It has been stated that in order to make a diagnosis of a primary 
thymie tumor, one must find typical thymic structures, especially 
Hassall’s corpuscles. As the latter arise from the epithelial reticular 
cells and not from the lymphocytes, it does not seem logical that when 
the lymphocytes become neoplastic that they should give rise to 
Hassall’s corpuscles. This appears to be supported by these two cases. 
In Case 1 the malignant process was obviously arising in the cortex 
of the thymus, as seen by the numerous areas of primitive cells from 
which the tumor spreads peripherally. There was an actual invasion 
of thymic medulla by cortical cells. In the right lobe where the proc- 
ess Was more advanced, only a few thymic. corpuscles could be found, 
while in the left lobe where the process was comparatively early, there 
was only an absolute reduction in the number of corpuscles. On close 
examination, tumor cells could be seen penetrating Hassall’s cor- 
puseles, separating, and peeling their layers off as one would peel an 
onion. As the process advanced, the corpuscles were destroyed. This 
also had happened in Case 2, in which only a few atrophic corpuscles 
could be found after cutting numerous sections. Then again, the 
direct metastatic infiltrations showed no attempt at formation of these 
bodies. If these corpuscles were being formed as a part of the tumor 
process, one would expect the reticular cells to be active, but there 
was no evidence to support this contention. Although the reticular 
cells were prominent in the first case, this was due to a degenerative 
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process; in the second case only a few of these cells could be seen. 
Thus it would seem that, whatever the origin of the lymphocytes, 
they, and they alone, composed the essential cellular structure of the 
newgrowth. They reproduced no other cells but themselves, and there 
was no histologic evidence to show that they were derived from the 
reticular cells of the tumor. 

The first case speaks for itself in indicating that the mediastinal 
tumor was thymic in origin. There was a large tumor mass lying ven- 
trad to the right lung with its stem attached to the mediastinum. This 
portion in its periphery showed undoubted thymic lobules, and through- 
out there were definite traces of thymic architecture and Hassall’s cor- 
puscles. This could not have been anything but the right lobe of the 
thymus. If the process had started in the mediastinal lymph nodes, it 
does not seem likely that metastases would have so outstripped the 
mother tumor in growth. Then, too, the lymph gland structure was 
well retained, and there was only slight infiltration of the tissues sur- 
rounding them, while, on the other hand, the tissues surrounding the 
thymus showed extensive involvement. The early pericardial involve- 
ment also points to a tumor of thymic origin. 


The fact that the bone marrow may, and one extrathoracic lymph 
gland did, show early neoplastic changes, does not speak against a 
thymic tumor if one considers that the process may be a generalized 


one affecting other lymphoid tissue. That the thymic tumor could not 
be metastatic from these seems reasonable because the changes in 
other affected tissues were early—so early in the bone marrow as to 
make it doubtful that they were present. In addition, these areas did 
not show the primitive cell islands of the cortex of the thymus. 

Ewing’ states that thymic tumors are characterized by their posi- 
tion in that they surround and compress the trachea, bronchi, peri- 
eardium, and adjacent great vessels. The conditions are fulfilled in 
Cases 1 and 2 and probably in Case 3, as evidenced by the early develop- 
ment of edema of the face, although these conditions were complicated 
by the metastatic infiltration and the leucemia-like picture in Case 2. 

In discussing Case 2, one meets with difficulties because it possessed 
the characteristics both of lymphosgreoma and leucemia, but, as has 
already been shown, the lesions have more of the properties of lympho- 
sarcoma than of leucemia. It is becoming more and more apparent 
that there is no sharp dividing line between these two conditions and 
that there are undisputed instances which show features of both, but 
with one of them predominating. The term ‘‘leucosarcoma’’ seems 
justified for these cases, provided that it is used as a term to classify 
those cases which as yet, due to insufficient knowledge, cannot be 
placed definitely either in the group of the lymphosarcomas or the 
leucemias. 
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._In our second case it seems to us that the thymus is the site of 
origin of the primary thoracic involvement. In this case Ewing’s 
eriteria were fulfilled. The lymph glands in the mediastinum were ex- 
tensively involved but retained their architecture, while the thymus, 
except for a rare corpuscle of Hassall, had completely lost its iden- 
tity. Here again, there was a greater amount of infiltration of the 
surrounding tissues in the region of the thymus than about the lymph 
glands. From the tumor in the thymus, the lesion was seen to invade 
the surrounding structures centrifugally. 

Its neoplastic or lymphosarcomatous tendencies were well demon- 
strated by the infiltrative process which had passed through the tho- 
racic wall to invade the muscles and subcutaneous tissues. The peri- 
cardium, the pleura, the left lung, and the lymph glands of the neck 
and celiac axis were also invaded by direct extension. However, we 
also found poorly developed lesions of a leucemia-like process in liver 
and spleen, but, contrary to expectations in a true leucemic process, 
the kidneys and many lymph glands were completely free of leucemic 
lesions. The bone marrow changes could be definitely classified as 
leucemic but were not as extensive as one would expect to find in true 
leucemia. This is in agreement with Heubner (quoted by Ewing) who 
says that with thymic tumors the other lesions of leucemia are not 
always well developed. Here, then, is a case in which were present 
both lesions of lymphosarcoma and leucemia but with a definite pre- 
dominance of the characteristics of the former. 

A review of the literature reveals that a remarkable feature of 
leucosarcomas is that the site of greatest involvement is in the medi- 
astinum. Flashman and Leopold,*® in a survey of the literature, re- 
ported that in a series of 107 cases the mediastinum was the probable 
site of the invasive tumor in 60. The next common site was the skin, 
the eyes, and eyelids in 22 cases. Ewing” states that the existence 
of a pure lymphocytoma of the thymus, apart from leucemia, does not 
appear to have been established. This is not in agreement with our 
first case; moreover cases in recent literature have been reported in 
which there has been a primary lymphosarcomatous tumor of the 
thymus without leucemia (Margolis*). 

In connection with the leucemic changes often seen in association 
with tumor of the thymus, we would like to draw attention to several 
facts. In our cases the venous walls appeared unable to resist tumor 
invasion. This is most marked in the case in which tumor could actu- 
ally be seen growing in venous channels (Case 2). These tumors were 
situated in a region where there are numerous and large veins. From 
these facts it is possible that a terminal leucemic blood picture may 
result from an outpouring of tumor cells directly into the blood 
stream. In Case 1 the venous involvement was not sufficiently exten- 
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sive to permit this to oceur. Here, we would like to emphasize again 
the resemblance between the cells in the circulating blood and those 
of the tumor. 

Whether the lesions apart from the main tumor are metastatic or 
part of a generalized systemic process affecting lymphoid tissue is a 
problem which cannot be satisfactorily explained. However, it is a 
fact that in primary tumors of the thymus distant leucemia-like in- 
volvement is common, but in lymphatic leucemia with generalized 
lymphadenopathy the converse has never been conclusively demon- 
strated. Margolis,® in a series of 32 cases of lymphatic leucemia, 
found tumor formation in the thymic region in only 4 eases, 3 of 
which were in children. In the remaining 28 cases, 7 of which were 
in children, there was no involvement of the thymus. He expressed 
the opinion that the 4 cases with thymic involvement represented a 
localized infiltration of the thymus by leucemie cells and that. the 
thymus took no active part in the tumor formation. We are of the 
opinion that this was not conclusively demonstrated and that these 
four eases could equally well have been interpreted as being lympho- 
sarcomas of the thymus. In fact, they appeared to resemble our sec- 
ond ease. If the origin of the thymic cell is considered to be lymphoid, 
it is diffieult to explain the absence of active involvement in lymphatic 
leucemia. On the other hand, if these cells are considered to have a 
different origin, the lesions apart from the main tumor could be inter- 
preted as being metastatic in nature. 

Interpretation of the clinical and roentgenologiec findings in our 
eases is easy from the gross pathologie picture. The tumor mass in 
the superior mediastinum can give rise to symptoms and signs due to 
pressure on the veins, trachea, and nerves. Involvement of the pleura 
and the pericardium can be explained by infiltration. This gives rise 
to pleural and pericardial effusions which are often hemorrhagic. Our 
third ease, from the clinical and roentgenologic standpoint, is identi- 
eal with the second case, and the findings of typical tumor lymphoid 
cells in the pleural fluid established the diagnosis of mediastinal 
lymphosarcoma. In spite of its similarity to the second case, it did 
not have a leucemic blood picture. 

The above signs and symptoms are late manifestations and are 
easily interpreted. It is unfortunate that the tumors must reach such 
a relatively large size before they produce symptoms which bring the 
patient to the physician. 

SUMMARY 


1. Three cases of mediastinal lymphosarcomas in children are re- 
ported. Clinically they were characterized by vague, early symptoms 
of lassitude, insomnia, and nervousness. Later, they gave rise to a 
fairly definite train of events, such as edema of the face, dyspnea, a 
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feeling of suffocation, and, above all, hemorrhagic pericardial and 
pleural effusions with displacement of heart and trachea. One had a 
terminal leucemic blood picture. 

2. Roentgenologic findings were initially confusing in two of the 
eases, but in conjunction with the clinical and laboratory examina- 
tions, as well as the course, the malignant nature of the condition was 
soon established. Marked mediastinal enlargement was demonstrated 
in two cases, but the third case did not present this feature. Here the 
tumor was mainly situated in the right pleural cavity and simulated 
an encapsulated effusion. 

3. The necropsy findings in two cases were such as to enable the 
diagnosis of primary lymphosarcoma of the thymus to be made. Both 
cases were characterized by large mediastinal tumors arising from the 
thymus, and, whatever the interpretation of the distant lesions may 
be, the thymic tumors themselves could not have been metastatic. In 
a large number of cases, a definite dividing line cannot be drawn be- 
tween the lymphosarcomas and leucemias, and for these cases the term 


7 


‘‘leuecosarcoma’’ is useful. 


We wish to express our thanks to Dr. L. J. Rhea, for his constructive criticism 


‘ 


of this paper, and to Dr. A. C. Kallan and Miss J. G. MacLeod, for assistance in 
preparing it. 
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THE EVOLUTION OF THE ADULT TYPE OF TUBERCULOSIS 
FROM THE CHILDHOOD TYPE: EVIDENCE IN FAVOR 
OF ENDOGENOUS REINFECTION 


A PRELIMINARY REPORT 


J. A. Jonnston, M.D. 
Derroir, Mic. 


WENTY years ago, Baldwin! stated his feeling that ‘‘reinfection 

is mostly autogenous superinfection and due to disease, overstrain, 
trauma or any cause of lowered vitality, whatever that may mean.’’ 
Since that time the feeling has grown steadily stronger that this 
source represents a smaller and smaller fraction of the so-called adult 
type of cases so that last year at the meeting of the National Tuber- 
culosis Association this statement appears in Pope’s communication :* 
‘*At the present time in this country the weight of scientific opinion 
leans toward the theory of exogenous reinfection as the determining 
factor in the etiology of phthisis, but it is doubtful whether the last 
word has been said upon this subject.’’ Even if it be granted that for 
practical purposes the exogenous route represents the common source 
of reinfection, nevertheless completely to discredit the endogenous 
source, as is implied in Weintraub’s report,* is going to an extreme not 
warranted by the facts. Following a group of approximately 500 
reactors who were also contacts and 500 who were not, this author 
reports eleven cases deriving from the contact group and none from 
the noneontact. The children were followed for varying periods up 
to five years. 

The observations reported here were made on 650 reactors who are 
wards of the Society of St. Vincent de Paul in Detroit and 150 con- 
tacts who were not reactors. On being assigned to this society from 
the probate court following the rupture of a family group because of 
disease, economic distress, or legal difficulties, the children are hos- 
pitalized and thoroughly checked before being placed in country 
boarding homes under foster parents. The homes are frequently in- 
spected, and in those instances in which reinfection type disease oc- 
curred the foster parents were checked by x-ray when possible. 

In seven years there have been detected in this group 23 cases of 
adult type of tuberculosis. Of these, 7 were discovered on first exami- 
nation ; 16 cases developed under observation. In only 2 of these was 
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any question raised of reexposure, and in 1 of those 2 the adult lesion 
did not appear until ten months after the second exposure. 

The ages at which the adult lesion appeared coincided with the 
usual experience; 5 cases appeared between three: months and nine 
years; 15 between ten and seventeen years, and 3 between eighteen 
and twenty-two years. 

One of the several objects of this study was to ascertain, if possible, 
whether or not we might affect either the incidence of, or the mor- 
tality from, the adult type lesion by a system of constant supervision 
which included preventorium care in a summer camp. Myers and his 
associates* recently stated their feeling that ‘‘at the close of fourteen 
years’ observation we are unable to see any difference in the course 
of the disease regardless of whether the child so treated is a strict 
bed patient or remains as active as any normal child should be.’’ At 
the same meeting Hawes’ pointed to the record of the Prendergast 
Preventorium to uphold the opposing point of view. Out of 704 chil- 
dren followed, there had developed only 3 adult type of cases with 1 
death, while in an identical number of reactors not supervised there 
had developed 40 cases with 10 deaths. We are unable to show any- 
thing like such a low incidence, but our mortality is equally gratifying. 

A tabulation of the reports of various groups is interesting in this 


connection (Table I). 
TABLE I 








ae ee nn Te en REACTORS 
DEVELOPING DEATHS 
REINFECTIONS 


Pope 38 1 
Myers et al. 36 | 
MePhedran and Opie® 

Hawes (Preventorium group) 

Hawes (No preventorium) 

Detroit group 








This record of a group of children from the lowest economic and nu- 
tritional stratum would seem to us, even over so short a period as seven 
years, to justify the existence of the preventorium plan. 

Table II lists reinfection types that have been discovered, together 
with the time elapsing between the finding of the first infection and 
the demonstration of the reinfection. 

It was our hope to acquire some information on the question of the 
state of allergy at the time of the reinfection phenomenon, and with 
this in mind serial dilutions of tuberculin were applied on each exami- 
nation of the child. The technic involved and the results obtained in 
another study limiting itself strictly to the first infection were de- 
seribed elsewhere." In that study we found that, quantitatively con- 
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TABLE II 


REINFECTION TYPES OF TUBERCULOSIS DISCOVERED IN SEVEN-YEAR STUDY 


AGE AT 
EVIDENCE REIN FEC- 
CHILDHOOD TION 
INFECTION ( YR.) 
7 Yes 13 
13 No 13 Miliary bone 
14 No 14 Pul. 
9 Yes 17 Miliaryt 
2 mo. No 3 Miliaryt 
No 11 Pul. 
No 16 Pul. bone 
L. DeM. 5 No 15 Pul. 
9. J.DeM. ! j No 17 Pul. 
10. D. B. Yes 11 Pul. 
ll. J.C. Yes 6 Pul. 
12. C. K. f Yes 18 Pul. 
13. R. P. f Yes 9 Pul. 
14, J.C. } Yes 12 Pleurisy 
15. M. F. ¢ No 19 Pul. 
16. S. F. j No 17 Pul. 
17. J. F. q Yes 12 Pul. 
18. M. 8S. ; Yes 9 Pul. 
19. A. M. J Yes 10 Pul. 
20. G. G. ‘ Yes 15 Pul. 
21. . C. Yes 11 Pul. 
22. +. R. } f Yes 22 Pul. 
23. K. K. Yes 14 Pul. 
*Reinfection type when first seen. 
tDeaths. 


AGE 
REACTIVITY 
DISCOVERED 


a> Ole cone 


Ps 


sidered, allergy followed a parabolic curve, the rise and fall seeming 
independent of the immune process, at least so far as that was meas- 
urable by the reaction in the peripheral blood, and we concluded that 
the evidence of that study favored the view that the two phenomena 
were independent. Observations on this group of children can be simi- 
larly interpreted. From Table II it will be seen that in terms of the 
heights that are commonly seen in first infections, allergy is not par- 
ticularly high at the onset of the adult type lesion and that instances 
are found of its occurrence coincidentally with rising, falling, and 


level thresholds of allergy. 


TABLE IIT 


LEVEL OF ALLERGY AT THE ONSET OF THE ADULT TYPE OF LESION 
"LEVEL IN ADULT TYPE _ 
CASES ON IST. EXAM. 


MG. 0. T. NO. 
0.1 
0.01 
0.001 
0.0001 
0.00001 
Cases showing increase in allergic level on reinfection 
Cases showing decrease in allergic level on reinfection 
Cases showing no change in allergic level on reinfection 
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Finally, it was our hope by a study of the individuals showing the 
transition to learn something of the so-called ‘‘lowered vitality,’’ of 
which Baldwin speaks as a factor influencing the development of the 
adult lesion. 

A comparison of the weights of these children with expected weight 
yields little information as was pointed out long since in the Phila- 
delphia study, but a study of the individual weight curves over a 
period of years has been very instructive. There is evident quite 
regularly a flattening of the curve in the year preceding the develop- 
ment of the lesion which is often the first abnormality to attract atten- 
tion. With the thought that a study of the metabolism of these chil- 
dren might afford some evidence of subnormality in their nutrition at 
the onset of their lesion, serial basal metabolism determinations were 
done and the nitrogen balances were determined. The total metabolic 
rate in the adult with pulmonary tuberculosis and his nitrogen re- 
quirements have been reported by MeCann,° who found them within 
normal limits and who reasoned that the elevation which might be 
expected as a result of infection was offset by the malnutrition that 
all of his subjects showed. He warned, however, that his conclusions 
should not be applied to the adolescent. In general, it can be said 
that our findings do suggest that an element of malnutrition domi- 
nates the picture, the total rates being approximately normal, but the 
basal metabolic mixtures and the retentions of nitrogen suggesting 
definitely that stores had been depleted. The metabolic mixtures in 
several instances show a steady rise in the amount of carbohydrate 
oxidized and the reciprocal fall in fat such as are seen in the recovery 
from fasting. It can be objected that these findings are impossible to 
interpret in terms of cause and effect, and that is true, though prac- 
tically all were obtained before the disease process had advanced far. 
In any case they disclose elements of depletion often concealed by a 
deceptively normal weight. The details of this phase of the study 
will be presented in another communication. 


SUMMARY 


1. Six hundred and fifty reactors and 150 contacts who were not re- 
actors, from a poor economic stratum, were observed for varying periods 
up to seven years following removal from their source of infection. 
There were found 23 adult type of cases, 16 of which developed subse- 
quent to the initial observation. 

2. There have been only two deaths, these from miliary tuberculosis, 
since the study started, a result which is interpreted as favoring the 
view that something has been accomplished by this system of follow-up 
and preventorium care. 
















354 THE JOURNAL OF PEDIATRICS 


3. No consistent relationship could be discovered between the onset 
of the reinfection type of tuberculosis and a quantitative change in 


allergy. 

4. The basal metabolism of this group was found to be approxi- 
mately normal. The metabolic mixtures and the retentions of nitro- 
gen suggested depletion of metabolic stores. 


The x-ray plates were interpreted for the first four years of the study by Dr. 
Henry D. Chadwick and the author and independently by Dr. H. Doub. In the last 
three years they have all been reviewed by Dr. Bruce Douglas and the author 
after an initial reading by Dr. Doub. In the metabolism studies we have had the 
assistance of Dr. F. W. Hartman, Dr. O. H. Gaebler, and Dr. J. W. Maroney. Dr. F. 
Janney Smith, of the cardiorespiratory clinic of the Ford Hospital, was in charge of 
the examinations of all of those patients over fifteen years old. 

The tuberculin has been a single lot prepared by Dr. Leroy Gardner, at Saranac 


Lake. 
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A STUDY OF THE COMPARATIVE VALUE OF COD LIVER OIL, 
VIOSTEROL, AND VITAMIN D MILKS IN THE PREVEN- 
TION OF RICKETS AND OF CERTAIN BASIC FACTORS 
INFLUENCING THEIR EFFICACY 


Martua M. Etior, M.D., anp E. M. Netson, Pu.D., Wasuineron, D. C., 
Donatp J. Barnes, M.D., aNpD FLoreNcE A. Browne, M.D., 
Derroir, Micu., anD Racueut M. Jenss, Sc.D., 
Wasuineton, D. C. 


SERIES of investigations with the purpose of studying the rela- 

tive efficacy of cod liver oil, viosterol, and several forms of 
vitamin D milk given at different dosage levels were carried out in 
Detroit, Mich., during the winters of 1933-34, 1934-35, and 1935-36. 
The studies were planned with a view to developing practical meth- 
ods of testing the value of the various antirachitic substances as ad- 
ministered by physicians and other public health officials to infants 
living in their own homes. 

At the time the investigation was started in the fall of 1933 the be- 
lief was current that from 500 to 600 U.S.P. units of cod liver oil and 
two and one-half to three times as many units of viosterol were neces- 
sary to prevent rickets. The work of the first two winters was planned, 
therefore, to study this supposed relationship between the preventive 
dose of cod liver oil and of viosterol and to attempt to establish a base 
line for later comparative studies with vitamin D milks. 

During the first winter cod liver oil was prescribed in doses of 540 
and 270 units daily and viosterol in doses of 1,350 units daily, or two 
and one-half times the higher dose of cod liver oil. Due to the high 
potency of the viosterol (1,350 units in 3 drops) and to the tendency 
of the mothers to give more rather than less than the number of drops 
ordered, the amount of viosterol taken by the infants during this first 
winter was considerably larger than that intended—approximately 
2,000 units daily. 

The results of the first winter’s work showed a complete absence of 
eases of moderate and marked rickets and a relatively small incidence 
of slight rickets among infants taking this large amount of viosterol, 
whereas a few cases of moderate rickets and a somewhat larger per- 
centage of slight rickets occurred among the infants receiving cod 
liver oil. 

From the Children’s Bureau, United States Department of Labor, and the Food and 
Drug Administration, United States Department of Agriculture, with the cooperation 
and assistance of the Children’s Hospital of Michigan, the Detroit Departments of 
Health and Welfare, the Children’s Fund of Michigan, and a number of hospitals that 
permitted access to their records of newborn infants. 


Presented at the Annual Meeting of the American Pediatric Society, Bolton Land- 
ing, N. Y., June 11, 1936. 


355 





356 THE JOURNAL OF PEDIATRICS 


During the second winter, therefore, the dosage level of viosterol 
was decreased and that of cod liver oil increased. Viosterol was pre- 
seribed at dosage levels of 1,350 and 675 units and cod liver oil at 675 
and 810 units, with one level, therefore, in common. The dosage levels 
prescribed for cod liver oil and viosterol during the first two years 
are shown in Table I. 

TABLE I 


ANTIRACHITIC SUBSTANCES AND DosaGE LEVELS IN U.S.P. UNITS 
PREscrIBED DurING 1933-34 AND 1934-35 


~ AVERAGE NUMBER OF UNITS PRESCRIBED DURING _ 
TYPE OF ANTIRACHITIC = 1933-34 1934.35 











Cod liver oil 270 675 


540 810 
Viosterol 1,350* 675 
1,350 





*Dosage prescribed was 1,350 units daily : amount actually taken daily was ap- 
proximately 2,000 units. 

At the end of the second year the findings pointed to the fact that 
cod liver oil and viosterol administered at the level of 675 units were, 
to all intents and purposes, equally efficacious or at least that viosterol 
was no less effective than cod liver oil. It seemed apparent that the 
differences ascribed to the two forms of vitamin D did not exist in 
fact and it was believed that the minimum preventive dose (using the 
absence of moderate or marked rickets as the criterion) was probably 
in the neighborhood of 675 units. When judged by the presence or 
absence of slight degrees of rickets, the minimum dose may well be 
still higher since there is evidence that in the group receiving the 
higher dosages of viosterol the amount of slight rickets is less than in 
any other group. The presence of this slight degree of rickets, more- 
over, among a considerable proportion of infants receiving 675 units 
made it seem undesirable to repeat the studies of these antirachitic 
substances at lower dosage levels. 

During the third winter attention was turned toward the study of 
milks. Four forms of evaporated vitamin D milk were used at two 
quite different dosage levels. Table II shows the types of milks used, 
the potency desired at the outset, and the potency established on the 
finished products. The efficacy of the different types of milk as judged 
by presence or absence of slight rickets will be discussed in detail in 
another section. 

METHOD OF STUDY 


Thirteen groups of infants were given an antirachitic substance, 
either cod liver oil or viosterol (Table I), or some form of vitamin D 
milk (Table Il). The cod liver oil and viosterol were purchased in 
single lots at the beginning of the study and assayed in the labora- 
tories of the Food and Drug Administration before the actual doses 
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were determined. The milks* were prepared in the late summer of 
1935 by reliable firms under expert supervision. All forms of the 
milk were evaporated and each was prepared from pooled lots to 
insure uniformity of product. Assays establishing the potency of the 
finished products were made also by the Food and Drug Administra- 
tion, but after the milk had been put into use. 


TABLE II 


ORIGINAL PoTeENcCY DESIRED AND ACTUAL POTENCY ESTABLISHED FOR VITAMIN D 
MILKS (EVAPORATED) 


9 


PRESCRIBED DuRING 1935-36 








TYPE OF MILK —_—C | AVERAGE NUMBER OF UNITS PER RECONSTITUTED QUART 
(EVAPORATED ) POTENCY DESIRED | POTENCY ESTABLISHED 





**Veast’’ milk 
] 35 170 
2 400 
Cod liver oil concentrate in 
milk 
1 35 ; 135 
2 400 


Irradiated milk 
150 


Viosterol in milk 
] 400 

The daily dose of cod liver oil was measured during the first winter 
in spoons specially furnished to the mothers for this purpose; during 
the second winter each daily dose was put up in a separate bottle. 
Droppers calibrated in the laboratory of the Food and Drug Adminis- 
tration were provided with the viosterol so that the correct amount 
could be measured with a fair degree of accuracy. During the first 
year the viosterol was used in a concentrated form, 3 drops containing 
1,350 U.S.P. units; for the second year’s work the viosterol was di- 
luted until 10 drops contained the same number of units. The chance 
of error in administration was, therefore, greatly reduced the second 
year. 

The general method of procedure used in selecting infants and in 
organizing the study was that suggested by Powers and Eliot in 1933.1 
The necessity for making careful selection of the infants for the dif- 
ferent groups to be studied was pointed out in this preliminary de- 
seription of method. Analysis of the current material shows this 
necessity to be even greater than was believed to exist at that time, 
especially with respect to color, sex, and rate of growth in length. 

When first selected, each group was composed of from 45 to 55 in- 
fants, of whom approximately two-fifths were colored and three-fifths, 
white. Efforts were made to select infants who were born at term 
and were the result of single pregnancies, who were less than eight 


*The cooperation of the Evaporated Milk Association in the preparation of the 
milks is gratefully acknowledged. 
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weeks of age on admission to the study and were born after the first 
of September. Only infants who were artificially fed or breast fed 
with a supplemental formula containing not less than twelve ounces 
of milk daily were included in the study. Furthermore, no infant was 
included for final analysis who was known to have received an ap- 
preciable amount of any form of vitamin D previous to admission or 
an additional form of vitamin D during the period under observation 
other than that prescribed. Infants were accepted during October, 
November, December, and in a few cases during the early part of 
January, and were observed no later than the middle of May. Though 
the final size of the groups was somewhat reduced by necessary ex- 
clusions, there remained at the end a total of 567 infants whose records 
were suitable for analysis. Of these, 59 per cent were white, 41 per 
cent colored ; 52 per cent were males, 48 per cent, females. 


TABLE IIT 


NUMBER OF INFANTS RECEIVING VITAMIN D IN THE Form or Cop Liver Orn, VI- 
OSTEROL, OR VITAMIN D MILK CLASSIFIED BY SEX, By CoLor, By COLOR AND 
Sex, AND BY AVERAGE NuMBER or U.S.P. Units or ViramMin D 
TAKEN Datty As Cop Liver OIL oR VIOSTEROL OR BY NuM- 

BER OF UNITS PER QUART OF RECONSTITUTED MILK 








AVERAGE _ 
NUMBER OF | 
UNITS 
ee TOTAL WHITE COLORED 
TYPE OF | ACCORDING | 
ANTI- | 7O COLOR OF | 
RACHITIC INFANTS — | 


COL- 


| TOTAL MALES [TOTAL MALES oq | TOTAL |MALES 
WHITE) oRED fact Re ES 
| 


335 152 232 114 





- FE 
MAL 
= 


Ton | ~| §67 | 297 
Cod liver | | ' | 
oil | 163 | 91 90 | 52] 38 
273| 274 28; 10 10 

460} 470 34 17 | 7 ‘ wag 

659 | 652 74 45 | 2 2 16 

821| 789] 27 











Viosterol 132 
| 686| 678| 47 
1,392/1,361| 50 
2,185 | 2,093 35 
Milk (evaporated ) 
** Veast’’ 
170 
400 
Cod liver oil con- 
centrate 
135 22 
400 | 26 19 10 
Irradiated 
150 47 | : 2¢9 18 
Viosterol 
400 50 f § 29 é 21 






































The procedure of examination was the same each year. Observa- 
tions were made by the same two pediatricians and two public health 
nurses during the first two years of the study and by a third nurse 
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who joined the staff during the last year. An x-ray film of the bones 
of both forearms and a clinical examination were made at the time of 
admission and at intervals of approximately one month thereafter. 
Although x-ray readings were made currently, the complete set of 
films for each of the 567 infants was reviewed at the end of the in- 
vestigation. The readings for the three years are, therefore, reason- 
ably consistent. The films were classified as ‘‘normal’’ when there 
was no evidence of rickets, and as ‘‘doubtful’’ when some change ap- 
peared to be present but was not sufficiently clear to make a positive 
diagnosis. When rickets was present, the diagnosis indicated whether 
the process was very slight, slight, moderate, or marked and whether 
active, partially controlled, or with healing far advanced. When evi- 
dence of rapidly advancing rickets was found, an increase was made 
in the amount of the antirachitic factor. 

The infants were weighed and the crown-heel length was measured 
in centimeters at each examination. The average monthly increase in 
length has been estimated for each infant during the total period he 
was under observation. 


MATERIAL STUDIED 


Tables III and IV show the general picture as regards number of 
children, sex, color, and age at admission and at discharge. 
Number of Infants Studied—The number of infants receiving vita- 


min D in the form of cod liver oil, viosterol, or vitamin D milk grouped 
according to color and sex and also according to the daily average num- 
ber of U.S.P. units* taken in the form of cod liver oil or viosterol or to 
the number of units per quart of reconstituted milk is shown in Table 
III. It will be noticed that approximately one-half of the infants re- 
ceived vitamin D milk and that a slightly larger proportion was given 
eod liver oil than viosterol; also that there is a larger percentage of 
white than of colored infants, especially in the milk groups, and rela- 
tively more male than female infants among the white infants, except 
for those receiving viosterol. It will also be seen that the number of 
infants receiving a given number of units of any type of antirachitic is 
small and that, as a result, there is considerable variability in the sex 
and color of the infants comprising such a group. 

*It should be pointed out that the average dosage levels that are used in the 
tables which follow are not those prescribed, but the average number of units actually 
taken daily during the total period of observation or up to the time when the first 


x-ray evidence of rickets appeared. Dosage was classified in U.S.P. units according 
to certain broad groups as follows: 
TYPE OF ANTIRACHITIC DOSAGE IN U.S.P. UNITS 
Range Theoretical Average 
Cod liver oil 150-349 
350-549 
550-749 
750-949 
Viosterol 500-1,099 
1,100-1,699 
1,700- 
There were 10 infants who received more than 2,299 units of viosterol. The 
maximum dosage was 2,990. 
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TABLE IV 


AVERAGE AGE IN DAYS AND RANGE ON ADMISSION AND DISCHARGE FOR 567 INFANTS 
GIVEN VITAMIN D By TYPE OF ANTIRACHITIC AGENT AND COLOR 








TYPE OF ANTIRACHITIC | MEAN AGE (DAYS) RANGE (DAYS) 
AND COLOR | XDMISSION | DISCHARGE ADMISSION | DISCHARGE 








Cod liver oil | 
White : | 199 17-68 150-258 
Colored | d 195 15-69 149-276 
Viosterol 
White ‘ 201 17-64 142-262 
Colored ‘ 199 14-69 153-263 
Milk (evap.) 
White : 188 8-63 26-274 
Colored : 186 10-64 22-258 











Age at Admission and at Discharge and Period of Observation.— 
There is still another factor which tends to complicate the problem: 
The ages of admission and discharge vary considerably, the age of ad- 
mission from 8 through 69 days of age, discharge from 122 through 
276 days. But, nevertheless, as shown in Table IV, the average age 
at admission and at discharge in the several antirachitic and color 
groups was about the same, the age at admission being on the average 
a little over one month and at discharge, about six and one-half 
months. It should be noted, however, that the infants in the milk 
groups were discharged about 10 days earlier than those receiving 
cod liver oil or viosterol. 

It would have been preferable, of course, to have examined all of 
the infants over exactly the same age interval, but as this was not 
done, the results presented in the following tables are based on the 
total period of observation for each child. Since a preliminary analy- 
sis of the x-ray findings in a shorter period of observation, -but one 
common to all infants (70-139 days) did not show marked differences* 
with respect to total incidence of rickets between this short interval 
and the total period of observation, it was decided for the purposes 
of the present analysis to use the longer but variable interval. If 
progression of rickets is to be studied or if one is interested in study- 
ing the effect on the healing process of several antirachitic agents and 
dosage levels, it is obviously necessary to use the longer age period. 
It should be pointed out, moreover, that the incidence of rickets 
among the infants admitted prior to 35 days of age tended to be less 
on the average than for infants who were admitted between 35 and 
70 days. Some infants who showed no evidence of rickets during the 
study might have become rachitic had they been observed over a 


longer and more comparable time interval. 


*A criterion of two standard deviations, taking into account the number of 
degrees of freedom, has been used as the test of statistical significance. 
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INCIDENCE OF RICKETS 
Incidence of Rickets in Total Group 


Of the 567 infants studied, the x-ray films of only 10, or 2 per cent, 
showed an advance in the rachitiec process to a moderate or marked de- 
gree. In 164 infants, or 29 per cent, rickets was found but did not 
develop beyond a maximum* of slight or very slight degree. In 103 
infants, or 18 per cent, the diagnosis never progressed beyond the doubt- 
ful stage.t Two hundred ninety, or 51 per cent, of the infants showed 
no evidence of rickets throughout the period of observation. The analy- 
sis of the data has been directed chiefly toward a study of the incidence 
of the slighter degrees of rickets and the evidence of advance or regres- 
sion of the rachitie process during the period of observation. 


White a 


of infants 


Males___.183 | 














Females__152 | 





Colored 





Males____ll4| 








Females___I/8 | 





C_) Normal Doubtful EES Slight MM Moderate and marked 


Fig. 1.—Percentage distribution of maximum x-ray findings for 567 infants given 
vitamin D in the form of cod liver oil, viosterol, or vitamin D milk, by color and 
sex. 


Color and Sex 


The incidence of rickets for the males and females in each color 
group is shown in Fig. 1. A greater percentage of positive cases 
was found among the white infants than among the colored for both 


*The term “maximum diagnosis” will be used to refer to the greatest degree of 
rickets, whether slight, moderate, or marked, found in an individual infant at any 
time during the period of observation. 

tit is probably of some significance that in 68 per cent of the cases in which a 
definite diagnosis of rickets was finally made this positive diagnosis was preceded 
by a “doubtful” diagnosis, This percentage is probably low due to the fact that 
the interval between x-ray examinations was very variable (anywhere from ten days 
to two months although the average was approximately one month). In a small 
group in which the x-ray pictures were taken at intervals of less than a month, all 
of the first positive diagnoses were preceded by “doubtful” findings. Special study 
has been made of the x-ray films from which a doubtful diagnosis was made either 
as a maximum finding in a series or as the finding which preceded a positive diagnosis. 
It was not possible to find any difference in the appearance of a film classified as 
doubtful when it preceded a positive or when it occurred alone. The evidence points 
then to the fact that the so-called “doubtful” diagnoses are in reality the earliest 
changes to be seen in the x-ray films and their disappearance without further prog- 
ress of the disease indicates a degree of control that approaches closeiy that shown 
by a complete series of normal x-ray films. Further evidence to this effect is found 
in the fact that the maximum diagnoses of “doubtful” also vary according to the 
color and sex of the infant as do the maximum diagnoses of “rickets” (Fig. 1 and 
Table V). 
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males and females. When the incidence of rickets among colored 
and white infants is considered, regardless of sex, a significantly 
larger proportion of positive cases is found among the white infants 
than among the colored. This picture is the reverse of that which 
we are accustomed to consider as the usual racial incidence. It 
should be realized, however, that the well-known difference between 
white and negro infants is based on the fact that many more negro 
infants develop rapidly advancing rickets than do white infants. The ac- 
tual incidence of the earliest stages of the disease might well be the same 
in the two racial groups or even, as these data demonstrate, reversed. 
It should be pointed out in this connection, however, that the exami- 
nations were all made during the winter when the influence of sun- 
light was almost negligible, and its absence may be an important fac- 
tor in the reversal. 

There is also a tendency for a larger percentage of cases to occur 
among the males in a given color group than among the females. But 
as further analysis indicates that the influence of color is a much more 
important factor than sex, and since the number of infants in each 
group would be too small if both sex and color were considered, the 
detailed tables which follow take only the color of the infants into 
consideration. In future studies of this type, it would be desirable in 
the selection of infants to consider sex as well as color, for both fac- 
tors are fundamental to an understanding of the findings that relate 
to antirachitic agents and dosage levels. 


Antirachitic Substances 


With respect to the effect of the different antirachitic substances on 
the incidence of rickets, analysis of the data has been made first without 
regard to dosage levels and second taking dosage level into account. 
Table V shows the incidence of rickets for the total number of white 
and colored infants given each type of antirachitic substance regardless 
of dosage level and in addition the incidence in each dosage group. 

Efficacy of Antirachitic Substances Regardless of Dosage Level.— 
Though the findings for the total groups are not based on a large 
enough number of cases to give throughout results that are statisti- 
eally significant, nevertheless they do show that the efficacy of the 
milks (all forms and dosage levels) in preventing rickets is signifi- 
eantly greater than the efficacy of cod liver oil (all dosage levels), in 
spite of the fact that the average number of units in the milk is con- 
siderably lower than that of the cod liver oil. Of the total number 
of infants receiving vitamin D milks, 53 per cent of the white and 67 
per cent of the colored had no rickets as compared with 30 per cent 
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and 45 per cent, respectively, for white and colored receiving cod liver 
oil. Moreover, comparison of the milks (using again a combination of 
all types and dosage levels) with viosterol (all dosage levels) shows 
exactly the same tendency for the white infants, but the number in 
the viosterol group is too small and the differences between the in- 
cidence of either no rickets or rickets in the two groups are too slight to 
demonstrate significance. Though viosterol appears here to be more 
effective than cod liver oil, it should be pointed out that the average 
number of units taken in the form of viosterol by the total group is 
considerably in excess of that taken in the form of cod liver oil and 
direct comparisons cannot be made. 

No infants receiving viosterol developed moderate or marked rick- 
ets, whereas seven who were given cod liver oil and three who were 
given vitamin D milks developed these more serious degrees.* 

Efficacy of Antirachitic Substances by Dosage Levels—When at- 
tempting to study the different antirachitic substances according to 
dosage levels certain obvious difficulties are encountered, such as the 
small number of infants in each dosage group and the unequal dis- 
tribution according to color and sex. The fact that the dosage levels 
for the different antirachitic substances are the same in only two in- 
stances limits the number of direct comparisons that can be made. 
Furthermore, the dosages of the antirachitic substances used were not 
at a sufficiently low level to permit moderate or marked rickets to 
develop in enough infants to allow advanced rickets to be used as 
one of the criteria for judging success or failure in the prevention of 
rickets. However, since the investigation was primarily one of pre- 
vention, the proportion of infants showing no evidence of rickets 
throughout the period of observation and the proportion showing a 
very slight or slight degree are of basic importance. Though in many 


*The color and sex of the infants developing moderate or marked rickets, the 
type of antirachitic substance used and dosage level are as follows: 


CASES OF MODERATE AND MARKED RICKETS 








AVERAGE 
NUMBER OF TYPE OF 
UNITS ANTIRACHITIC 
(DAILY) 


135 Vitamin D milk, Moderate White Male 
Cod liver oil con- 
centrate added 
Vitamin D milk, Marked Colored Female 
Cod liver oil con- 
centrate added 
Irradiated milk Moderate White Male 
Cod liver oil Moderate Colored Male 
liver oil Moderate Colored Female 
liver oil Marked Colored Male 
liver oil Moderace Colored Female 
liver oil Markec Colored Male 
liver oil Moderate White Male 
liver oil Moderate White Female 


MAXIMUM 
DIAGNOSIS COLOR 
OF RICKETS 
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instances significant conclusions based on statistical analysis cannot 
be made because of the small number of infants studied, nevertheless 
certain consistent and repeated tendencies have been found which are 


worth presenting. 

In the upper section of Table V are shown the findings with respect 
to the incidence of rickets among the infants given viosterol. There 
ean be seen a general tendency for the incidence of rickets to decrease 
with increase in dosage. It may be seen that the incidence of rickets is 


TABLE V 


PERCENTAGE DISTRIBUTION OF MAXIMUM X-RAY DIAGNOSES FoR 567 INFANTS GIVEN 
DIFFERENT AMOUNTS OF VITAMIN D IN THE FORM OF VIOSTEROL, VITAMIN D 
MILK, or Cop Liver Or, By CoLoR 
COLOR AND AVERAGE sure 

TYPE OF | NUMBER OF UNITS PER PERCENTAGE DISTRIBUTION 
ANTIRACHITIC | DAY OR PER RECON- 
STITUTED QUART RICKETS |DOUBTFUL| NORMAL 
| White 
Viosterol | Total 37 21 
686 
1392 
2185 
Colored 
Total 
678 
1361 
2093 
White 
Vitamin D Total 
Milk | **VYeast’’ milk 
(evaporated ) | 170 
400 
| Cod liver oil cone. in milk 
135 
| 400 
| Irradiated milk, 150 
| Viosterol in milk, 400 
|Colored 
| =‘ Total 
**VYeast’’ milk 
170 
400 
Cod liver oil cone. in milk 
135 
400 
Irradiated milk, 150 
Viosterol in milk, 400 
| White 
Cod Liver Oil Total 


=o 
273 









































7 
460 
659 
821 
ri Xolored 
Total 
274 
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no greater among white or colored infants receiving approximately 
1,400 units than among those receiving approximately 2,100 units. 

The middle section of Table V gives the findings in regard to vita- 
min D milks. No very definite conclusions can be drawn concerning 
the relative efficacy of the different types and doses of antirachitic 
milks though on the whole it would appear that the higher dosage 
levels are more effective than the lower in preventing rickets. It may 
be noted that in each of the white groups receiving 400 units in the 
form of yeast milk or milk with cod liver oil concentrate or viosterol 
added and in the group receiving 150 units in the form of irradiated 
milk, approximately 60 per cent of the infants showed no rickets. The 
evidence is not as consistent for the colored infants, probably because 
of the fact that there is a much smaller number of colored infants in 
each group. Among the infants receiving yeast milk, there is appar- 
ently no difference in the incidence of rickets among those receiving 
the higher dosage (400 units) or the lower (170 units). 

In the lower section of Table V are given the findings for cod liver 
oil. With respect to this group it may be pointed out that the generai 
tendency for the incidence of rickets to decrease with the increase of 
dosage level again appears for the colored group but with certain in- 
consistencies. There are even more striking exceptions in the white 
group. For instance, the white infants receiving the lowest number 
of units (273) show considerably less rickets than those receiving the 
highest (821). Of course, there is only a small number of cases in the 
two groups, 14 and 17, respectively, too few to give any stability to 
the results, but it will be noticed that the sex distribution of the 
infants in these two groups is quite uneven and in the opposite diree- 
tion. Thus, there are only 4 males and 10 females in the lower dosage 
group; in the higher, 14 males and 3 females (Table III). These 
contradictory findings may be the result of the fact that the lower 
dosage level is heavily weighted with females, the higher with males, 
and that, in addition, the infants of a given sex who developed rickets 
tend on the average to be growing more rapidly in length than those 
who did not develop the disease. In other words, in the case of these 
two cod liver oil groups, the reversal of the general tendency for the 
pereentage incidence of rickets to decrease with increasing unitage 
may well be related to the factors of sex and growth, a subject that 
will be discussed more fully in the next section. 

Comparisons of Antirachitic Substances at Certain Dosage Levels.— 
It has been pointed out that direct comparisons of different antirachitic 
substances at the same dosage level can be made in two instances. These 
are shown in Table VI. First, a group of white infants given approxi- 
mately 460 U.S.P. units of vitamin D daily in the form of cod liver 
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oil is compared with a group including all white infants given milk 
containing 400 U.S.P. units to the reconstituted quart. The exact 
number of units consumed by the latter group is not known, but it is 
presumably somewhat less than 400 units daily. The incidence of 
rickets is significantly lower among those taking milk, 23 per cent in 
comparison with 37 per cent for those receiving cod liver oil. The 
same tendency was found among the colored infants. 


TABLE VI 


PERCENTAGE INCIDENCE OF RICKETS FOR WHITE INFANTS RECEIVING CERTAIN FORMS 
AND CERTAIN DosaGEe LEVELS oF VITAMIN D 








AVERAGE NUMBER woneen 
TYPE OF OF UNITS PER DAY PERCENTAGE - 
ANTIRACHITIC OR PER RECON- INCIDENCE nepanien 
STITUTED QUART 
Cod liver oil 460 37 19 
*Vitamin D milk (evap.) 400 23 89 
Cod liver oil 659 45 40 
Viosterol 686 46 22 


*Includes “yeast,” cod liver oil, and viosterol milks. 




















The second comparison is for two groups of white infants who re- 
ceived cod liver oil and viosterol at approximately the same dosage 
level, 659 and 686 units, respectively. There is no significant differ- 
ence in the incidence of rickets among infants given either cod liver 
oil or viosterol at these levels. 

There is no doubt that in the group of white infants studied the 
milks at the 400 unit level have been more effective in preventing 
rickets than cod liver oil at the 460 unit level, and the tendency is the 
same for the colored infants. 

No real difference is found in the efficacy of cod liver oil and vios- 
terol for white infants at the 675 unit level. No real superiority of 
cod liver oil over viosterol or vice versa has been demonstrated at any 
dosage level. 

: GROWTH IN LENGTH 


The influence of growth in length on the incidence of rickets and 
its close association with sex has already been suggested. In order to 
study this question, the average monthly increase in length has been 
estimated for each infant included in the study. It should be noted 
that this method of studying growth* differs from the orthodox cross- 
sectional approach. A series of measurements on each infant observed 
for a specified age interval is used to estimate that particular infant’s 
average increase in length for the total period he was under observation. 
Its advantages over the older method have been clearly defined by Boas,? 


*The relationship between average percentage increase in weight and incidence of 
rickets has also been investigated, but up to the present time with negative results. 
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Palmer and Reed,® and others. The exact method of analysis is de- 
scribed in detail in a footnote.* 


The mean or average of these individual growth rates is shown by 
color, sex, and by type of antirachitic substance in Table VII. It will 


*The method of studying this problem of growth in length consists in estimating 
the average monthly increase in length for each of the 567 infants. Examination 
shows that the crown-heel length of an individual infant increases fairly uniformly 
during early infancy, that is, within the degree of variability of the measurements. 
Therefore, the straight line, y = a+bx, has been taken to describe satisfactory age 
variations of crown-heel length in the individual infant. The variables, x and y, are 
respectively age in days, and crown-heel length, measured in centimeters. The b 
constant is the slope of the line, that is the increase in length per day. The a@ con- 
stant is relatively unimportant, as its value is dependent upon certain arbitrary 
procedures connected with the solution of the equations. These values have been 
determined under the least squares criterion. The theory underlying this method is 
that the observed and theoretical values of y differ by errors which are distributed 
in accordance with the normal curve. 

The b constant multiplied by 30, that is, average increase in crown-heel length 
measured in centimeters per month, has been used as an index of growth in length. 
Thus, if 30 b equals 2.38 centimeters, the length of the infant increased on the 
average 2.4 centimeters per month during the period he was under observation. 

The method of determining the constants for the straight line is illustrated for the 
series of observations given in the following table. 


REGRESSION LINE OF CROWN-HEEL LENGTH ON AGE; COLORED FEMALE INFANT (5S. C.) 








CROW N-HEEL 
AGE IN LENGTH IN 
DAYS, X 

















Normal equations: 
Solving : 


= 2 
and 4 48.62 + 0.07935x 


Therefore, during the period of observation, that is from 23 through 184 days of 
age, the crown-heel length of this infant increased from 50.0 to 62.5 centimeters, or 
approximately 2.4 centimeters (306) per month (Fig. 2). 


y = 486.62 +0.07935x 





Crown-Heel Length in Centimeters 


— Theoretical Length | 
| 
x Observed Length 4 
80 100 2 140 200 
Age in Days 





Fig. 2.—Crown-heel length of colored female infant, S. C., measured at irregular 
intervals from 23 through 184 days of age. 
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be seen, for example, that the average white male infant grew approxi- 
mately 2.48 centimeters in length per month during the period he was 
under observation from one to six and one-half months of age. It 
should be noted in this connection that these figures are based on ob- 
servations on a small, highly selected group of Detroit children. It 
cannot be assumed that the growth rate of infants living in different 
geographic areas will be the same as those for the Detroit infants in- 
cluded in this study. 
TABLE VII 


MEAN OF THE AVERAGE INCREASES IN LENGTH (cCM.) PER MonTH oF 567 INFANTS 
GItveN VriTaMIN D IN THE Form or Cop Liver O11, VIOSTEROL OR VITAMIN D 
MILK (EVAPORATED) BY COLOR AND BY SEX 








~ MEAN INCREASE IN LENGTH (CM.) PER MONTH 
TYPE OF ANTIRACHITIC ACCORDING TO SEX 
AND COLOR |—_— 
MALES FEMALES 








Cod liver oil | 
White 2.52 (0.050)* | 2.31 (0.086) 
Colored 2.54 (0.092) 2.51 (0.106) 
Viosterol 
White 2.43 (0.114) 2.26 (0.081) 
Colored 2.46 (0.123) 2.34 (0.087) 
Vitamin D milk (evaporated) 
White 2.48 (0.047) 2.35 (0.043) 
Colored 2.57 (0.089) 2.39 (0.104) 
Total 
White | 2.48 (0.032) 2.32 (0.029) 
Colored 2.54 (0.040) 2.41 (0.045) 


*The standard deviation of the mean is shown in parenthesis. 





It may be noted that the colored infants tended to grow more rapidly 
than the white infants of the same sex and that there is a significant 
difference in the growth in length of the two sexes, the male infants, on 
the average, growing more rapidly than the female of the same color. 
As further analysis by type of antirachitie agent shows no real differ- 
ence between the average increase in length for the infants of a given 
sex and color who were given any particular type of antirachitie agent 
and that for the total number of infants of the same sex and color 
included in the study, only the relation between growth in length and 
the incidence of rickets according to different dosage levels has been 
studied. 

Growth in Length, Dosage Level and Incidence of Rickets—The total 
number of infants was divided, therefore, into two broad, quite distinct 
dosage groups regardless of type of antirachitie agent. The first group 
includes those given less than 400 U.S.P. units of vitamin D per day 
and the second those given 400 units or more. Conservatively stated, 
the average dosage for the first group was around 275 and for the 
second, approximately 1,000 U.S.P. units. The lower dosage group 
includes all those receiving milk and some of the infants receiving cod 
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liver oil; the upper group, all of those receiving viosterol and some of 
those receiving cod liver oil. 

Table VIII shows for these two dosage groups the percentage inci- 
dence of rickets for infants whose growth in length was less than and 
for those whose growth was the same as or more than that of the 
average infant of the same color and sex. For the infants in the lower 
dosage group, less than 400 units, there is no consistent difference in 
the incidence of rickets between those growing slowly and those grow- 
ing at a faster rate. On the other hand, the infants in the higher 
dosage group tended to show a consistent difference: In all cases 
those infants whose growth in length was less than the average* 
tended to show a smaller percentage of rickets, those who were grow- 
ing more rapidly, a higher. This evidence indicates that the lower 
dosage level may not give enough protection to prevent the develop- 
ment of slight rickets in either the infant whose growth in length is 
below or above the average, but that the higher dosage does tend to 
protect much more effectively the infant who is growing slowly than 
it does the more rapidly growing infant. More detailed study of the 
whole question is needed before definite conclusions concerning the 
relationship of growth in length to the incidence of rickets can be 
drawn. 

TABLE VIII 
PERCENTAGE INCIDENCE OF RicKeTs FOR 307 INFANTS ReEcEIVING LESS THAN 400 
U.S.P. Unrrs or Att Forms or VITAMIN D Per Day AND 260 INFANTS RECEIVING 
400 on More Units AccoRDING TO CoLoR, SEX AND AVERAGE INCREASE 


IN LENGTH (cM.) PER MoNnTH 


| PERCENTAGE INCIDENCE | 
OF RICKETS FOR INFANTS 
COLOR, SEX AND AVERAGE | eo Sbere ct 
% " , RECEIVING | 
INCREASE IN LENGTH (CM.) _ : SS ee ee ae - 
PER MONTH LESS THAN | 400 UNITS | LESS THAN | 400 UNITS 
| 400 UNITS OR MORE | 400 UNITS OR MORE 
| 


NUMBER OF INFANTS 
RECEIVING 








FA PER DAY PER DAY | PER DAY PER DAY 


White - 
Males 
Increase in length 
Less than 2.45 em. 
2.45 em. or more 
Females 
Increase in length 
Less than 2.30 em. 
2.30 em. or more 
Colored 
Males 
Increase in length 
Less than 2.55 cm. 
2.55 em. or more 30 
Females 
Increase in length 
Less than 2.40 em. i : 30 
2.40 em. or more | 2 | 22 | 2 32 





*For white females the difference is significant, for males the tendency is the same 
but cannot be shown to be significant. 
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PROGRESS AND REGRESSION OF RICKETS 


So far only the maximum findings with respect to rickets have been 
considered. Study of progress of rickets and of regression or healing 
also brings out some pertinent facts. 

Progress of rickets as demonstrated in x-ray films was considered to 
be present when an initial diagnosis of ‘‘very slight’’ rickets was fol- 
lowed by a diagnosis of ‘“‘slight,’’ or when a diagnosis of ‘‘slight’’ 
progressed to a degree classified as ‘‘slight-to-moderate.’’ As has 
been pointed out, in a few cases the process advanced to ‘‘moderate”’ 
or to ‘‘marked.’’ Obviously such changes can be studied most effec- 
tively in the group of infants who were observed at reasonably regu- 
lar intervals from one to six months of age. One hundred twelve in- 
fants were so observed. Of them 46 developed rickets and 21 showed 
evidence by x-ray of progress or advance in the process. Table IX 
shows the antirachitic substances that were being given and the num- 
ber of infants in each color group showing x-ray evidence of rickets 
and progress of the disease. 


TABLE IX 


NUMBER OF INFANTS OBSERVED BETWEEN 31 AND 179 Days or AGE, NuMBER WHO 
DEVELOPED RICKETS, AND NUMBER WHO SHOWED PROGRESSION OF THE DISEASE, 
BY TYPE OF ANTIRACHITIC AGENT AND COLOR 








NUMBER OF INFANTS 


TYPE OF ANTIRACHITIC SHOWING PRO- 
Onysp DEVELOPING 
AND COLOR RICKETS GRESSION OF 


THE DISEASE 








Cod liver oil 
White 24 11 
Colored 19 8 

Vitamin D milk (evap.) 
White 30 12 
Colored 12 5 

Viosterol 
White 15 7 
Colored 12 1 

Total 
White 69 30 
Colored 43 14 


—y 
on Cr DH AY 














Detailed information with regard to the 21 infants who showed 
some increase in the degree of rickets is given in Table X. From these 
data it would appear that progress occurred most often when cod liver 
oil was given and least often when vitamin D milks were given. The 
numbers are too few to attempt detailed analysis, but what evidence 
there is would seem to be in favor of the milks. 


Complete regression or healing was considered to be present when the 
x-ray films showed that all signs of rickets, even the moderately ad- 
vanced stages of healing, had disappeared and the bones of the forearms 
again appeared essentially normal. 
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In studying this regression or healing, it became evident that the 
same factors which enter into the problem of the incidence of slight 
rickets also influence its disappearance. Dosage level appears to be the 
most important factor, with sex playing a somewhat more important 
réle than it does in the development of the disease. For comparative 
studies of healing, three distinct, narrowly limited dosage levels were 
selected: one averaging approximately 150 units, another 400 units, 
and the third 675. The lower dosage group is composed of infants 
given the three forms of vitamin D milk at the lower levels, the middle 
one of infants given vitamin D milk at the higher level, and the third 
one of infants given viosterol or cod liver oil at the specified level. 


TABLE XI 


PERCENTAGE INCIDENCE O¥ HEALING AMONG INFANTS RECEIVING Cop Liver OIL, 
VIOSTEROL OR VITAMIN D MILKS AT SpeciFIED DoSAGE LEVELS By COLOR 








PERCENTAGE OF 
AVERAGE | CHILDREN 
NUMBER OF | DEVELOPING 
UNITS PER | RICKETS, 


| NUMBER OF 
PERCENTAGE | INFANTS 
INCIDENCE | RECEIVING 
OF SPECIFIED 
RICKETS TYPE OF 
| ANTIRACHITIC 


TYPE OF ANTIRACHITIC 
AND COLOR 


DAY OR PER WHOSE X-RAY 
RECON- FILMS SHOWED 
| STEsUTES COMPLETE 
| HEALING AT 
DISCHARGE 
Cod liver oil 
White 7 21 
Colored 362 27 
Viosterol 
White 386 50 
Colored ; 50 | 24 
Vitamin D milk (evap.) 
tLower level 
White 153 ‘ 34 89 
Colored 152 23 52 
tHigher level 
White 400 0 23 89 
( olored — 400 ‘ 21 42 


“©The range of the number of units administered is ‘Jess than for the group receiv- 
ing approximately 659 units of cod liver oil, shown in Table V. 


tIncludes “yeast,” cod liver oil concentrate, and irradiated milks. 
tIncludes “yeast,’’ cod liver oil concentrate, and viosterol milks. 





Table XI shows the type of antirachitic agent, the three major 
dosage level groups, and the percentage of rachitic infants in whose 
x-ray pictures complete healing was seen at discharge ; it also shows for 
comparison the total incidence of rickets in each group. The following 
facts are apparent. 

The vitamin D milks at the lower dosage levels (150 units) do not 
appear to be as effective in bringing about healing as the milks at the 
higher level (400 units) or as viosterol at 675 units. This is of definite 
interest, since with respect to the prevention of rickets the milks, even 
those of the lower dosage levels, tend (as has been a out before) 
to be at least, if possibly not more, effective than 675 U.S.P. units of 
viosterol or cod liver oil. 
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Though the infants in the cod liver oil group were receiving the 
same number of units as those on viosterol, nevertheless they show a 
tendency to heal less promptly than did those on viosterol. 

The superiority of the milks of the higher dosage level and of 
viosterol is again brought out. 

In Table XII further analysis is made of the effect on healing of the 
different types of milk at different dosage levels. Milk with added 
viosterol (400 units) shows a definite superiority over other types of 
milk containing 400 units (‘‘yeast’’ and cod liver oil concentrate 
milk). If these data are compared with those on Table XI, showing 
the percentage of healing that occurred when viosterol was given 
alone in doses of approximately 675 units daily, it will be seen that the 
milk containing 400 units of viosterol appears to be more efficient in 
bringing about regression of this slight rickets than viosterol when 
given alone at an even higher level. 

TABLE XII 
PERCENTAGE INCIDENCE OF HEALING AMONG INFANTS RECEIVING VITAMIN D MILK 


IN DIFFERENT FORMS AND DOSAGE LEVELS BY COLOR 





| 
CHILDREN 
| DEVELOPING 


NUMBER OF 
Pees: ‘ PERCENTAGE INFANTS 
parry mit sag INCIDENCE RECEIVING 
| ree =n pod | OF RICKETS SPECIFIED TYPE 
‘. . OF MILK 
| PLETE HEALING 
AT DISCHARGE | 
Vitamin D milk (evaporated) | 
‘*Yeast’’ milk 
170 
White 
Colored 
400 
White 
Colored 
Cod liver oil concentrate in milk| 
135 
White 
Colored 
400 
White 
Colored 
Irradiated milk, 150 
White 
Colored 
Viosterol in milk, 400 
White 
Colored 


TYPE OF MILK, NUMBER OF 
UNITS PER RECONSTITUTED 
QUART AND COLOR 





COMMENT 


In the analysis of the data presented in this study the statistical 
method has been applied. Though the individual groups of infants at 
each dosage level were too small to be able to test the reliability of 
the results in many cases, nevertheless the tendencies shown in the 
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data have been consistent and repeated with but few exceptions. In 
a fair proportion of cases the data have been adequate to permit tests 
for statistical significance, and the results so obtained uniformly 
strengthen the conclusions to be drawn from the general tendencies 
shown by the data as a whole. The differences that have been shown 
to exist with respect to the incidence of rickets and healing between 
white and colored infants, and between the less rapidly and the more 
rapidly growing infants make it clear that, for each dosage level 
studied, color and sex should both have been considered in selection 
of the groups, and enough infants should have been included so that 
growth in length could have been classified more specifically. 

The problem of growth as related to rickets needs to be studied 
further, as, for instance, the question of whether growth in length 
during the early months of life is related to length at birth and 
whether rate of growth may be predicted from measurements at birth. 
Additional study is needed to determine more satisfactorily whether the 
several available types of antirachities are equally effective in the 
more rapidly growing infants, and whether the basic factors entering 
into the regression or healing of slight rickets are the same as those 
influencing the healing of moderate or marked rickets and if so 
whether their relative importance remains the same. 

The conclusions that can be reached as a result of the analysis are 
included in the following summary. 


SUMMARY 


1. This paper reports an investigation of the relative efficacy of sev- 
eral different forms of vitamin D at different dosage levels. The study 
was carried out in Detroit, Mich., during the winter months of 1933-36. 
Five hundred sixty-seven full-term infants were observed from ap- 
proximately one through six and one-half months of age. They were 
given either cod liver oil or viosterol or some form of vitamin D milk 
at different dosage levels. The dosage administered varied considerably, 
from approximately 150 through 3,000 U.S.P. units. Diagnosis was 
based on x-ray films of the bones of both forearms, taken at approxi- 
mately monthly intervals. 

2. The results of this study have demonstrated the necessity of con- 
sidering such factors as color, sex, rate of growth in length, period of 
observation, and interval between examinations as basic when at- 
tempting to evaluate the efficacy of certain types of antirachitic sub- 
stances administered at different dosage levels in the prevention of 
rickets. 

3. The evidence presented refers almost exclusively to the incidence 
of slight rickets as the dosage level was sufficiently high to prevent 
the development of moderate or marked rickets except in a few infants. 
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. 4. The incidence of rickets was significantly less among the colored 
infants than among the white. The same tendency was found consist- 
ently among infants given the different antirachitic agents both when all 
dosage levels were combined and, with few exceptions, at the different 
dosage levels. 

5. When pertinent basic factors were taken into consideration, it be- 
came apparent that, in spite of their lower dosage level, the milks, 
especially those at the 400 unit level, tended to be more effective in 
the prevention of rickets than cod liver oil. There is also evidence 
that viosterol is at least as effective as cod liver oil, and no evidence 
that cod liver oil is superior to viosterol, unit for unit, in the preven- 
tion of rickets. 

6. There is no definite evidence from this study that one type of 
milk at the 400 unit level is superior to another in the prevention of 
rickets. For the lower dosage levels no clear-cut conclusions with 
regard to comparative efficacy can be drawn. 

7. Within the dosage range used for each type of antirachitic, the 
higher dosage levels appear to be more effective, provided the basic 
factors mentioned above are taken into consideration. 

8. Advance in the rachitic process occurred most frequently in in- 
fants receiving cod liver oil, least frequently in those given vitamin D 
milk. 

9. Regression or healing of the slight degrees of rickets discussed 
in this paper tended to occur more promptly in infants receiving vita- 
min D milk of the higher (400 units) dosage level than in those re- 
ceiving that of the lower level (150 units). Of the different types 
of vitamin D milk containing 400 units, that to which viosterol was 
added appeared to be the most efficient. This form also tended to 
be more efficient than viosterol alone even when the latter was given 
at a somewhat higher level. When given at a dosage level of approxi- 
mately 675 units, viosterol tends to bring about regression of slight 
rickets more promptly than cod liver oil at the same dosage level. 

10. The incidence of slight rickets has been shown to be closely and 
consistently related to growth in length when the dosage of the anti- 
rachitie is relatively high, whereas for infants in the lower dosage group 
there is no consistent difference in the incidence of rickets. These find- 
ings indicate that at the higher level the balance between rickets- 
producing and rickets-preventing factors has been stabilized to such an 
extent as to allow rate of growth in length to become evident. On the 
other hand, when a smaller amount is given, the effect of the growth in 
length is lost in the stronger influence of the inadequate amount of 
vitamin D. 

11. It would appear that if rickets is to be prevented or promptly 
controlled an amount of vitamin D must be given that will assure 
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stability in the metabolic processes providing for normal bone growth 
and allow an adequate margin of safety for the rapidly growing in- 
fant. From the data here presented, this amount would appear to be 
at least as high as that contained in the usual dose of cod liver oil; 
namely, two to three teaspoonfuls. 


Finally in evaluating the results of such a study as this one, it should 
be borne in mind that from the public health point of view, as well as 
that of the individual infant, the value of a substance containing vita- 
min D should be measured first in terms of success in the prevention of 
rickets under practical conditions and second in terms of economy, and 
that such economic considerations must include not only the cost of the 
vitamin but also the need and cost of other nutrients supplied by the 
vehicle carrying vitamin D. 
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REPORT OF THE COMMITTEE ON HOSPITALS 
AND DISPENSARIES 


Contagious Disease HospiraLs 


Part II 


HE second report concerns contagious hospitals found in Regions II and IV 

of the American Academy of Pediatrics. Six hospitals are represented from 
the South and seventeen from the Far West. Sixteen of the total number are con- 
tagious divisions of general hospitals. Questionnaires were filled out and returned 
to the committee by the following hospitals. 


HOSPITAL NUMBERS. SECTIONS II AND IV. EXHIBIT A 


Section II 


Municipal Hospital, Atlanta, Georgia 
City Hospital, Louisville, Kentucky 
Knoxville General Hospital, Isolation Dept., Knoxville, Tennessee 
Memphis General Hospital, Isolation Dept., Memphis, Tennessee 
John Sealy Hospital, Contagious, Galveston, Texas 
Henry A. Wise Hospital, Norfolk, Virginia 
Section IV 
San Luis Obispo General Hospital, San Luis Obispo, California 
Riverside County Hospital, Riverside, California 
Los Angeles County Hospital, Los Angeles, California 
No reply 
San Diego County General Hospital, Contagious Department, San Diego, 
California 
San Bernardino County Charity Hospital, San Bernardino, California 
Santa Barbara General Hospital, Santa Barbara, California 
Alameda County Hospital, Oakland, California 
Children’s Hospital, Contagious Dept., San Francisco, California 
City and County Hospital, Contagious Dept., San Francisco, California 
Santa Clara County Hospital, Isolation Dept., San Jose, California 
Sacramento County Hospital, Isolation Dept., Sacramento, California 
Fresno County Hospital, Isolation Dept., Fresno, California 
Portland Isolation Hospital, Portland, Oregon 
Salt Lake General Hospital, Salt Lake City, Utah 
City Contagious Hospital, Tacoma, Washington 
Isolation Hospital with Firlands Tuberculosis Sanitorium, Seattle, Wash. 
Rivercrest Hospital, Spokane, Washington 


As far as the committee is able to determine, the list represents the only hospitals 
which may be classified as contagious with the possible exception of one hospital in 
California and one in Georgia from which no questionnaires were returned. 

I. Staff 
A. Professional Staff 
1. Attending Staff 
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Among 23 hospitals 17 report that ward patients are under the exclusive care of 
the attending staff. Only 6 hospitals permit all physicians in the community to 
send patients to their wards and treat them there. All of the hospitals require 
that their men be of good standing in their community. 

Information concerning physicians on the attending staff in the various specialties 
is presented in Exhibit B. 

None of the hospitals has a full-time staff. Seven report that one or two mem- 
bers of the staff are employed full time. The city health officer is placed in this 
eategory in one instance. Fifteen report that one or more members of the staff are 
paid a salary. This usually applies to individuals in charge of the x-ray department 
or the laboratories or to a health officer. 


Resident Staff—Eighteen hospitals employ resident physicians. In 6 instances 
more than one is employed. Women are eligible for this position in 10. All pay the 
resident a salary. This varies from $50.00 to $200.00 per month; 14 hospitals pay 
a salary to the resident of more than $50.00 a month. Twelve hospitals require 
that the resident have at least one year or more of previous hospital experience. 
Two require more than one year, and the remainder are content with no previous 
experience except an M.D. degree from a class A school. The length of the service 
is usually six months or one year, just four services are for one year. The resident 
has dispensary duties in seven instances. Three hospitals did not reply to this 
question. 

Six hospitals employ assistant residents, women being eligible in four. All pay 
the assistant resident a salary. Four require previous hospital experience in order 
for one to qualify for the position. The length of the service is six months in one 
hospital, one year among the others. Dispensary duties are available in three 
instances. 

Sixteen hospitals employ internes, twelve more than one, and eight more than 
two. Seven have eight or more. None have more than nineteen. Women are 
eligible in eight. Fourteen pay a salary to internes. This is usually $25.00 or less 
per month. Among fifteen hospitals which replied, only one requires previous 
hospital experience in order to qualify for interneship. All require an M.D. degree 
from an accredited school. The length of the service varies from 20 days to one 
year. One-year services are available in eight instances; among the others the service 
is for three months or less. 

Educational Activities——These are presented in chart form (Exhibit C). 

Nine of the 23 hospitals in Regions II and IV are connected with medical schools, 
4 among 6 in Region II and 5 among 17 in Region IV. Im all but one of these, 
clinies are available to medical students. Ward rounds are offered for medical stu- 
dents in 7. One did not reply. Eight hospitals have clinics open to practicing 
physicians, and they may attend ward rounds or walks in 9. Fourteen hospitals hold 
regular clinical conferences and 16 hold similar pathological conferences, which 
are usually held weekly. Eleven hospitals have available facilities for research 
and 8 encourage research in communicable disease. 

Special Information.—Presented in Exhibit D with summary following. 

Thirteen hospitals report that new cases may be placed in observation wards, 
cubicles, or one ane two bedrooms until the diagnosis is certain. Routine cultures 
for diphtheria are taken on admission in 14 hospitals, for hemolytic streptococci 
in 8. Routine vaginal smears are done in 8 hospitals, Von Pirquet or Mantoux tests 
in 4, Wassermann or Kahn tests in 13, Schick tests in 3, Dick tests in 2. Routine 
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blood counts are taken in 17 hospitals, urinalyses in 18, complete histories are 
taken and physical examinations are done in 18 hospitals. Five did not reply to 
this section. 


II. Superintendent 

This section of the questionnaire concerns the physical set-up of the hospitals. 
Twenty-two hospitals replied. Among that number only 3 are found in poor resi- 
dential, tenement and factory districts. The remainder are located in better or 
moderate, residential, apartment, and shop districts. Only 5 report that their neigh- 
borhood is noisy as a result of the presence of factories, trolleys, heavy traffic, or 
railroads. 

ixhibit FE presents certain details concerning the physical organization, 
size, ete., of these hospitals. 

Twelve hospitals have one building, 3 have 5, and 2 have 6 buildings. The 
earliest construction date is 1910, the latest, 1934. First buildings were con- 
structed between 1910 and 1920 for 11 hospitals. First buildings were constructed 
in 1920 or later among 6. First buildings for 2 after 1930. Nine hospitals have 
only one or two floors (5-2, 4-1). Six are of fireproof construction. Cost of 
buildings again shows great variation—from $4,500.00 to $1,000,000, depending on 
the size and modernity of the plant. Only 11 hospitals supplied the latter informa- 
tion, and among these 6 cost less than $100,000.00. 

Bed capacities among 20 hospitals which replied vary from 14 to 456. Only 6 have 
bed capacities of less than 50. Nine have 100 or more. The three largest report 
456, 423, and 350. The three smallest, 14, 18, and 30. Eighteen hospitals report 
the number of cribs available, which varies from 2 to 26. The three highest 
report 26, 24, and 22; the lowest, 2, 2, and 2. 

Among 19 hospitals which replied, 17 have wards and 8 have cubicles available. 
These may contain from one to four beds in different hospitals. 

Fourteen hospitals exclude no contagious disease; four exclude pertussis, measles 
and chickenpox; and ten exclude syphilis, one, typhoid fever and the dysenteries. 

Seven hospitals did not reply to the question concerning observation wards. 
Among 15 which replied, 9 do not have them. Three have roms or cubicles which 
can be used in this capacity. 

Contagious Disease Wards (Exhibit F). 

Fifteen replies were received to this section of the questionnaire. Fourteen 
hospitals have contagious disease wards. These vary from one to eight in number. 
Ten hospitals have 3 or more wards. The total number of beds, of course, varies 
considerably depending upon the size of the hospital. The lowest number is 3, the 
highest, 500; but only 3 report a bed capacity of 100 or more. Nine of the 1% 
hospitals report fewer than 50 beds. Wards for the most part are not large; only 
one hospital reports 20 or more patients to a ward; the remainder report from 2 
to 16. Five hospitals have cubicles and 12 separate rooms. All report that the 
hospital gets sunlight and 9 have outdoor porches. Adults and children are admitted 
to the same ward in 10 hospitals. 

Admissions.—Admission figures and other relative information for hospitals listed 
by number for the years 1932, 1933, and 1934 are presented in Exhibit G. 

Only three hospitals report admissions of 5,000 or more for any one of the three 
years considered. Many report fewer than 1,000 admissions. Total admissions for 
all hospitals is not large when the size of the area involved is considered. Per- 
centages of deaths for all hospitals were 6.2, 6.4 and 7.7 for the years 1932, 1933, and 
1934, respectively. 
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All hospitals in both regions accept both white and negro children. In Region 
II all are segregated. In Region IV, they are segregated by four hospitals. No 
hospital in either region limits the number of colored children that may be admitted. 
Five hospitals have all charity beds. In no hospital are the beds on a strictly paying 
basis. Five have private rooms for children, 3 have them for adults. Two hospitals 
have facilities for mothers to stay with the children. 

Superintendent.—All of the hospitals derive their funds from either city or county, 
none from the state. One hospital derives part of its funds from endowment, 2 
from private funds, and none receive aid from the community chest. Only 6 hos- 
pitals reported their running costs for the last fiscal year. The lowest sum reported 
was $8,565.31; the highest, $517,631.37. Cost per patient per day varied from 
$2.22 to $4.68. Average costs for food varied from $0.22 to $1.12 per day. Nursing 
costs $0.41 to 1.04 per day, and supplies cost from $0.13 to $0.65 per day. 

In 12 hospitals the superintendent is a man, a physician in 11, and a lay person 
in 4. Among 4 women superintendents, 2 are registered nurses, but none are physi- 
cians. In one instance, the woman superintendent is also in charge of the nurses’ 
training school. 

Nursing.—Among 22 hospitals which replied, 8 are affiliated with other hospitals 
for the purpose of special training in nursing. Fourteen offer courses in contagious 
nursing technic. The length of these courses varies from 6 weeks to 3 years. In 
6 hospitals only graduate nurses are employed. Immunization of nurses to diphtheria 
“is done in all hospitals of Region II, but is not done in four in Region IV. To 
immunization of nurses to scarlet fever, in Region II, three replied, ‘‘yes’’ and 
three, ‘‘no’’; in Region IV, four, ‘‘yes’’ and twelve, ‘‘no.’’ To smallpox im- 
munization in Region IT, all replied, ‘‘yes’’; in Region IV, 13, ‘‘ yes,’’ and 3, ‘‘no.’’ 
To typhoid fever and other contagious diseases where immunization is possible in 
Region II, 3 replied, ‘‘yes’’; in Region IV, 9, ‘‘yes.’’ In 1934, one nurse in each 
of only 2 hospitals in Region II contracted diphtheria, 1 in one hospital, scarlet 
fever, and none, any other contagious disease. In Region IV, two each in 2 hospitals 
contracted diphtheria; one, two, three and four, respectively, in 4 hospitals con- 
tracted scarlet fever. No other contagious disease was contracted by nurses in any 
of the 6 hospitals reporting from Region II. In Region IV, 4 hospitals report 
that nurses contracted rubella, chickenpox, bacillary dysentery, mumps, and one 
reports that three nurses contracted anterior poliomyelitis. The number of nurses 
assigned to wards in proportion to the number of patients seems to be adequate 
in all hospitals. Lengths of assignments vary from 2 weeks to 3 months. 

Operating Room.—Fourteen hospitals have at least one special operating room 
for the contagious division. Only 3 use pupil nurses there. Only 8 hospitals report 
operations performed in that division in 1934, these varying in number from 7 
to 4,070. 

Diet Kitchen.—Nine hosiptals have special diet kitchens for infant foods; 6 have 
them for children. 

Supervision Head Nurses 

Eight hospitals have head nurses in charge of wards. Fourteen employ one or 
more graduate nurses for day duty; 11 employ them for night duty. 

Supervisors.—Fifteen hospitals employ day supervisors, all of them graduate 
nurses. Thirteen employ night supervisors, all of them graduate nurses. 

Instruction.—Information concerning instruction in contagious nursing was re- 
ceived, but because of the great amount of detailed information we shall not at- 


tempt to report it here. 








0383300 
Wo001-~ B puT 
100g pug Vd 
tT 























AI wWornseg 








000‘st ¢ SI6T 
o00‘ost $ 6G6T 
ee61 


8361 
SI6r 

















000‘000‘T$ ——  . eté6t 


<a 
po}Baouey 
000‘sz = ¢ : OT6T 
































n 
o 
_ 
ios 
& 
A 
OQ 
a 
° 
| 
- 
Z 
o 
~ 
° 
» 
wQ 
ee] 
& 


II WoHj00g 





XINO GdVOsa | giivma xr | HOVa SNOLLIGAV NOLLONULSNOO SONIGTING aaa WON 
SONICTING qual SUIVIS aula | 400Udauld NI SU00Td 40 aLva 40 aLva 40 4aadWON ‘IVLIdSOH 


i 
40 L800 aqISLAO 40 aaaNWOn 














LNAGNGLNIQEdNS “JT “IV4YEANGD “VY 


q Lcinxg 





PEDIATRICS 


OF 


bn 
_ 
“ 
w 
a 
< 
= 


AMERICAN 





PPL'S 


sayo10 dg | | ouleiy 
| pues youg 


oN 





000°00F $ 


ON 


sain N—C 
ure W—C 


| 


—|— 


__000.ss ¢ 


000°002 ¢ 





__000°008 


00st 


a[qeireae 





| [—812430 
‘Spiq weR | Bure 


T 











ried | g 
89 X | t 


jUouIeseq Puy ¢ : 


_OT6T 
Cl. Blk 
oI61 


s194}0 ZT 
‘dsoy ¢ 














d,LN0QO—q LiaInxg 





DN 
L 
— 
= 
e 
= 
Fan) 
mb 
i= 
aq 
© 
- 
Z 
a 


’ 


THE 





peyeo 
-yduiod sseyun ‘xodueyoryo 
‘sosvou ‘yZnod Zurdooy 


au0 Ny 








pajdaooe sewoy 
Ul pe[puBy Sureq jou sesvo |TV | 
xodueyoryo pus ‘sajsvou 
‘sissnjied poyeorduoouy 
auUON | 





_WwisToyoo[s “OOLL | 


auoN 


sirydAs pus 
“oq, ‘proyd’) ‘Asayuesdp 
Siuwoeq ‘Kaaquesdp oiqeury 


i Ft: Fe re) 
HOVa 
NI saga 


dada toxa 
S28VO SQMOISVLNOD 











pasn | 
uorjtjaed 
S8B[S a1qQBaoy | 


au0N 
Ajuo 
SsnoLsejU0y 


[—uonwor ; 


S@1oIga 
N 
LON AFSOHL 
AA1NGdS 


S@10Tsno 
NI 
ANVK MOH | 


LNAIGNALNIY 


q Lidinxg 


ef 

Ste __ | 
eyqveru | 
-NUWOD 
Ss 


SBE 6 








08 T 


AI Worjoeg 


I 
I] UO}, 
(‘HA FI (4aaqN0 GNV 
OL WACIO ANV) «yg a) samo ; Waa KON 
a IVLIASOH 
IVLOI 


Sauv aM 


“ALIOVAVD aq‘ 





PEDIATRICS 


OF 


coMY 


ACADE 


AMERICAN 


JdAVJZ Joj1Bos pus ‘xod 
jjeus ‘eieyjyydip Ajuo ydavoy 


Quo N 
pesvinodue jou 


‘a "YM JO ‘xodueyorya ‘So[SBOTT 


ouoN 
duoN 


ouoN 


euo 


ouoN 


ouo N 





N 
auoN | 


$109 
speq 

speq t 
pue ¢ 


speq Z—OL pepeseu sy pepesu sy 


8 83 
ayeauid 
-1WLag—F 
*4u0Q—z 
“2. L—E 
F 
saporqna 
UI SMIOOI Z 
jdaoxe spaq 
6 Put TIV co 
uaIp{Iy? 9 
s}y[Npe g 


SOLIB A 


£6 
speq 
asus OL 


speq gI—I 


speq Z—8 
speq ¢—s lv ‘ OsT 
j10da1 


| speq 9 03 | 
| su0o1 a[8utg) CT 


eo pues | ! | 


sul00l 19 
sulool 


eyeaud » | Z pepesu sy 


a,LN0Q—q Lian xy 





peeu 
ay} uo Surpuedag 


80K auoN 














«6X 80K 
eouds 107 su0t} 
__Pepmor9 TOU M ; SOX | aed oyquaony 

sisous Ip SMOPULM 8518] 
0} Zutpiovy 4 pus ss00p ofqnog 9% 














| 
| 
| 








PEDIATRICS 


_ON | pesojoue ss¥lL siojivd uns +} saparqne TLV) ¥z 
ie A | os 


W001 sues | 
you ynq—se x | a way *A-B1y1Q| LI rat 


SplBm | sulo0od 
ig qdeoxe poor) worjsaresqo A[UG iv Lt 


I] Wonseg 


| 
8 3a: 
aKVS NI SAHIUOd poh Ee : ol saiormas | ove — | gauva | _ 
N@YC@IIHO YOOa.LAO eet a on NI ‘ON —_— : _ ‘ON awas enon 
ene Gane | F : NI saad IVLOL ds 


SaUVM USVASIG SAOIDVLNOO 


OF 











= 
Zz 
= 
= 
S 


J) 


THE 


ALIOVAV,) GUVA\ 40 SIIVLGG “O 


ad Wanxg 





Asessooou J]; | : ry , en a _8 


payejes zr 
_ ey} pus Ajarey| “i &. joo 1pUyT 09 ix 





\ SOX . | 8 : ; Sex yy | ; a _F pue g. | 


2 9 


| | ‘qL—9 | aL—se “yuoy—zZ 
oN an lv sno1seju0d ¢| | *yu0g—ZT ‘oq,.L—f 
80 | Me ome ouoN Frit OL } , a 


PEDIATRICS 


ures UFEAA| ' ” 80k -g—z ‘aj3uis gy 
SS «See van sox 


__Ajwuoyse009) ON soa 
sox 


OF 


| | 
asvesIp | peq-z—9 ‘peq | 
| 


sul001 a}e1edag| on 





~ 
_ 
— 
a 
S) 
s 
= 











eyeredes uy — Pe 88K : 08 


__ Avesseoou J] sox 


a eu FT aia Mi | 


nN 


‘© 


A1essava Uy A\| 
U 


: : SUIOOL OPIsyINgG 


a) 


| a 


SOM 
A1ess900u J] pue yynos “seq 


AMERICAN 








| 
sox oo. t | 6s 04 #3 





d,LN0Q—q LIalHxy 











DIATRICS 


PE 


OF 


JOURNAL 


THE 


— 


oF 
FFI 


UVAA 
LSv'l 
aso'lo 
"IVLIdSOH 





roe 

Mie! SOS OR SEES. 

7 1H SL 

I _9 

| 92 
See 00r 
cd 
26h OOT'T 
1z a4 
UVGA FLEI 
LSv' : 


ONINAdO 


‘IVLIASOH 
NI SLNALLVd 


“[tBAB JON! 





9LOT | 
aqe 


eeel 


NI daid 


0 


FE 
89 


Stel 


e's 


7 


¢60°S 





r6e'T _ 





| } 1LPC'9 

perp pues 

els II 
eqe 


-[{BAB JON 





aqaduvVHOSsid 


QINVAONALLY °C 


» 


LISIH XY 





08s 


Leg 


982'9 


Fat IT 
aqe 


-[TBAB ION 


Seel 


SLINGILLVd 


& 


_ F9C'T 


“uBe- og 


i OP 


16811 


ORF 


FE6I 


daLLIndy 





| oost | 


of masa ¢ 
*OQ.L 
| snordyyu0; | 7 
| Tso |  g9z‘9 c 

ces IT 9EF TT G 

aqe 
“[18AB JON CLZ I 
I] Woljoeg 
eel L6I 





SLNILLVd 





401 


OF PEDIATRICS 


ACADEMY 


AMERICAN 


cF 


PSF I 


806 


9L¢ 


64 


6LL 
£31 


96E 





ChRS 
c6z 1 
ost 


64 


sate 


066 G 
Ost 
O8o't 


OF 


61 











LEG'SE __ 360 £09°0E Ls 
L80°ST_ 62¢ taaas 
OFF 0G £9¢'6I oLF'ST 
Og1 Lg 
: 986 
_|_ 061 PFI cit 
ge hae eS CS 
Ss oF ec) ee 
| ors so —ss|_ = aso 
| 
' me a en 
| oso's 60'S [LtL’T 


64'S | g19°s Igc's 
FS 





d,LNoQO—) ListHxg 








3F6 6E 


} 


6¢ 


0G 


cre'6I 


GGL’ LE 


90€ 6L_ 
OFF'ST 





‘o1F'OL | 


gio’ | 


aS) 
69¢ 


£80 


COF 
FI8 


egc'e 


GUS 


‘Of 
‘eI 
‘SI 


‘OT 
‘T i 


& 








Al 
II 
8[BI0,L, 






































































































































eyeaud 
On pepeeu sy 10¥ ydooxe ITV MO"T a, sox 9 
Mt | 
ON QUON Quo N QuON ‘3009 &F usy} s807y) ON __ON sox c 
oN - — | ae oN 80X £ 
ON 3 i ouoN Iv a ex 80x z 
SOR yg 40F 61 61 SOTIVA SOBA 001 =. at. § 80x I 
o AT Wornpeg 
—_—- ————_ —-- — ——— 
ae — ae 3 | 3 %09 oN 80x 80K 9 
5 ae ON « a — we FI WM Ve ON sox so Cc 
5 poydaoon 
a = ar fats ¥ ee eyeatad pus TV 6% | = SOX sox t 
fe MMAR SIPSLS SaaS Vl eS fed puv 1¥¢ | mos sae ME ia See 
° ‘ups Ajerwr | ‘urpe Ajores | 
- 89889 OIBALIQ | sesBd OFBALIG 
7, On Aoues.i0urg) Aouess0uy| auoN lv %0t | ON +. Oe sax ea 
5 | | speq | | 
c pus soeds | 
= on suorjdeoxe a1¥y| suotydeoxe o1ey au0ON I¢ WwW, | 03 se AjUG 80x sox I 
= uoljoeg 
E hae Ss Ree er ay ie fg it i Baa Wt " “8 
NYC ITHO | NauC'IIHO aWLL daLdaoOV 
HLIM AVLS OL | sv1odv | Na@YaITHO saaa saaa aaUo'10o aNO LY daLVOaNOES | aya | waaWON 
SYAHLON 40d u0d SHOOU 40d SHOOU AVd ALIAVHO NOLLMOdOUd NaY@'IIHO aLIHM LIA IV.LIdSOH 
SALLYNOVA ANY aLVATad ALVAIYd ‘ON A'TLOTALS NILOMLS Wua NAD GaxO10) 40 |ANV GA4O109| ayy qanor109 








GONVANALLY ‘“(] 


‘ON OL LIKTI 


da ONILNOO—) LIGIHXG 


oO 
= 
=> 








403 


PEDIATRICS 


ACADEMY OF 


AMERICAN 









































































































































A1essaoou | | esieyo | | 
Ajeynjosqe J] euoN eu0N | euoN | _—iou | syuapIsey| peou on sox SI 
esBesIp oures | = zi | 
YIM yI0q FT euON . | euoN ouON = . oo 0Z:T poeou on | skemye jon sox LI 
pez31ued =| eae =< [as ea: 
you ynq ‘Sex| peyesoides JON) popesoise8 JON OuoN ee 00871 On On sox 9T 
On peyesoises ‘al poyeseises JON auoN LT | [eug On ON sox cT 
~ ked 04 eqs a mi a ew, igcts ’ 
ON Quo N euON “un ssoqun [TV 04 e[qeun J] OL:T ON ON sox ae 
r poe etqissod 
ON te Teg oN 8B Ivy SV Sox €T 
On QuON aqisysou Nn On Sox at 
ran St pee pesojoo | ney 
eaBy oom | 
on euoN euoN @uoN Iv Aypeor.e1 | ON On sox It 
on aa @uON oz. 2 «|: SC ak BE AO on on sox eS 
S0A | a : %t moqy| oN on 80x 6 
ON eu0N euoN euoN Iv UMOUY JON) On ON 80x 8 
| cpap i te | ed e[qissod 
On T euoN qaved spoq OT C32 Moy A190 A| ON 8B Ivy Sy 80x L 























d,LN0oQO—) LiaIHxy 





| | | = Sees fa 





20x | am 003 | won| = , a ee ee | 
A ee kn oor | ex | ong | og |v eg tt |e tg 


| 
| ysiy ; | _ 








AM 400g) 











, 89 80 c so , | 
: — 4 |—S8t__|_ 8@A | tiv. | Adwsoy, | oot | Apoyes0poxy tv | sox r | ox | » 
z= - : A - ~ oA —|} = oN | Lie, @ | | SOX ‘1 <peeiebey ay oo wa aa “an 
a | ay | ee er ro es ero ee ee I} x | ¢ 
~ | sex | sa ° Bat Aw | _ 009"¢ A tabs pres 
a b ;- > | | | 
5 me. A__|__06-08 sox | %44y | 80x | xBu By sox an - | af 
fs Ay ———e | — _ —__— — v omens —— oe oa ae " A mM 89 X CG 
~ a. | ry | | | | | 7 = 
. 6 | 000°002 
80 80 | . | 
5 ox A | OF __ 80K AM 06-0¢ Advioyy, | oor | 80x 80x - sox | t 
‘ v — a. tt > —.. — v4 
2 “7 = = Se Se ee ee TNO Il WONaeg 
x 4 = > ee a | = >e | wre bb — 1 
= 35 = > Se | S eg ES | es 55 % = s- | $f 4% = 
4 mS x > fé: 3 = a> Sk = _— So +2 Ss 
. ae | 8 5 5 ae 35 ge 3 5 z 3 “= ae | 88 zz 
: = | 2 m i a = 5 Sw ns sb | wa | E28 = 
= io ve = * ee] > = > Se | se = 2 a > 
a = | a, 209 S ze -y ca : =a) > oi a = 
& =) <4 = | ~~ a> ” ; Aas 
~) <* i z } 


AVU-X “Al 


H JatHxy 





404 





Ne) 
S 
a 


OF PEDIATRICS 


ACADEMY 


AMERICAN 





89x 
89K 


SOX 


6 


SOX 


80x 


eX | day 00% 
sox | “SOK ; | AE RO 
| 99) | day 002 
80% __| day 002) 





89K 


Sox 





80x | 


804 





OM 006 





sok 
80 


8X 

ON 
Sot 
Soh 





Sax 
dayy Z01-26 a 
ON 
ON 
SOX 
OM O0T 
0} OF 02 sox 
day oer | a. & 
day ce | 80x 
dn day o¢| 8X 
CZI-OOT | Advsoy 
AY Zr | 80x 
ON 


a,LN0Q—H{ Liainxgy 





80x 


so, 


Se 


Le, @ 


SOX 


80K 


ON 
i, ¢ 


‘80K 


ON 


80K 
80x 





‘WK 00-41 
“WV OF: L 


"Nd OL: F 
‘NV OG? 


G*a 


| 


| 


80x 
te, 4 
80K 


sox 


SOK 


89 
shuqq 


80x 
SOX 
OX 
8aX 


auo N 


80h 


ouON 


89K 
8X 
BOK 


Soh 





8I 


91 
cl 


tI 


AI orj00g 























































































































00F'T ia | ON 80x on | 80x € 
poyeteises | 
you sesvesIp | Advioyy 
a{qBvormnuWO,) ON sox doep ydeoxe sax On ON 4 
0 0 166 80X 0X 80K | oN ON I 
AI Worpeg 
Dn 
3] | | | ouoN 9 
I r oe ae 
e 6L +S eee . AR Pe. ee eee | CO SOX ___ ON sox c 
| | peyse 
a -194Ul JL SUIexe 
Be *‘SUIBXO OJ‘ | yuoseid aidoosos0ng 
s 18's | uMouy }8 pey jou pus suyy [8 
[890,,, ie you sazRTq | : sox souds puv piQ| Zurpees pusyy 80x on $ 
| | | sesvo yuestpuy sox SOx [wroedg} eul0g 89K % 1a 
z Se SG | ee ee 
B | ‘dsoyy | 
cr) Apwiny | 
i ‘doy | yea | ure}109 = 
a spun Win pepnyouy| + -se 0} aqvuy __ oN eae Sok ON 80K i. 
II Wornoeg 
SLNANLVaUL| SLNINLVaUL _ pip | AUVSNadSIaq) | AalOdas | MYOM | G@NIHOVK | 
SNVIOISAHd aLVoAdadv aaWONn 
AdVUaHL | IVIOldNadNS| LSVI SALVId | ae “ aauas | Prerscnprenn Tv10aas AVa-x | AVu-x Beard 
4agq ‘ON | ‘ON | AVa-X‘ON | na ___ “aaa Ria cwee ae 40 _—s| —=SamuaiNI =| giaviuod | x 














AVU-X “AI 





407 





OF PEDIATRICS 


ACADEMY 








AMERICAN 















































sully JO sesou 
-Beip uorjonsys 
-UL ,SyOoM J 


























daONILNOO—H{ LIsIH x 








| 
Vey 
Bue 
DS 7 a Ee __| AND ysnosyy ON | SOx 
‘eee cas RI ie eRe cpa 
moz Ajoaryy | wee ; | Sawsseoeu < , 
-Bivdwod snjyeiedde 
0 oo SNOLBBIUOD | ON sok Adesay} daa 
Te Wea ot PUES HS a 
0 | ) ? | oN si 82x | ss BAK : 
aN tates | on | ex | 80x ie 
FE Se a 3 SE | en J 
| | guewdmbe | | 
Ajuo OF yvois 
0 "an | suvrorsfyd A410 | Sox | 003 ssouIsng 
| An | 
| | 
wo, (ae ae 
ue | _orv'st__ on |_sON 80K 
| yuero ig 
syeyuep cL | -Ignsut 410M 
Irs | g90¢ — nr 5. oo ___ereds 104 
wy Jo "mexy | vee as 
let__|__$06e_|_Ajuo dyavyy | _eeX | _—80X 
po}eseiZes | pce 
you sesvesip 
eq BorunuiM10/) On 80% 80x 


Anus 10g 





SUOIFVUIMIBXO 





atdoosoi0ny,4 


aS Se 


= « 
ea 





s © 



































408 THE JOURNAL OF PEDIATRICS 


Information concerning crossed infections in 1934. 


Diphtheria: 14 hospitals—occurred in one 
Searlet fever: 14 hospitals—occurred in five 
Measles : 14 hospitals—occurred in one 
Pertussis: 13 hospitals—ocecurred in one 
Chickenpox: 13 hospitals—occurred in one 


Other diseases: 11 hospitals—occurred in none 


X-ray (Exhibit H). 

Four hospitals have no x-ray diagnostic facilities. Sixteen have these facilities 
available at any hour, day or night. Fifteen are equipped for high-speed radiography, 
14 for superficial, and 9 for deep radiotherapy. Nineteen are equipped with 
fluoroscopes, 17 for stereoscopy and 12 have portable machines. Internes do x-ray 
work in 3 hospitals. Seventeen consider their equipment to be adequate. The x-ray 
department serves the dispensary in 15 hospitals and outside physicians in 3. 

Again our information indicates that these departments in many instances serve 
an entire general hospital; hence, figures given for number of treatments, plates, etc., 
are not satisfactory for comparison or estimation of these actually in the contagious 
department alone. 

Laboratories—Pathological—Clinical—Bacteriological—Serological 

General.—Thirteen hospitals indicate that a full-time director in charge of 
laboratories is employed. In 3 the work is done in the city health department, while 
7 employ part-time directors. 

Pathological.—Twelve hospitals have full-time directors of pathological labora- 
tories. Three have no directors either full or part time. Sixteen employ full-time 
technicians, 3 have none on full time. Internes do laboratory work in 9 hospitals, 
routine in 3, special in 6, routine and special in 1. Seventeen of the 19 hospitals 
that replied consider their laboratory facilities adequate. Only 9 have facilities for 
research work. Autopsy percentages among 15 hospitals reporting varied from 
about 30 to a little less than 60 per cent, with a general rough average around 50 
per cent. 

Clinical.—Fifteen hospitals have full-time directors of the clinical laboratories, 6 
have part-time directors, and the others have none or did not reply. Twenty hos- 
pitals have full-time technicians, and in 14, the internes do work in the clinical 
laboratory, routine in 8, and special in 6. Blood chemistry work is available in 20 
hospitals; 7 have ‘‘fume hoods’’; and 16 have colorimeters. Nineteen possess equip- 
ment to do basal metabolic tests. The machines used are usually Sanborn or 
McKesson’s. Seventeen consider their clinical laboratory facilities to be adequate, 
2 do not, and 2 do not reply. Twelve afford facilities for research work. 

Bacteriological.—Fifteen hospitals have full-time directors of the bacteriological 
laboratories; four have part-time directors. Nineteen have full-time technicians. 
Internes do laboratory work in 10, in 5, routine, in 5, special. Nineteen laboratories 
have electric incubators. Eighteen make all or part of their own media. Nineteen 
keep animals for experimental purposes. Eighteen have facilities for research work. 
Eleven consider their bacteriological laboratory facilities adequate. 

Serological.—Fifteen hospitals have full-time directors of the serological labora- 
tories and 18 have full-time technicians. Internes do laboratory work in only 2, 
and this is of a special nature in both instances. Wassermanns are done in their 
own laboratories in 17, and Kahn tests in 14. Seventeen consider their facilities 
adequate, and 9 have facilities for research work. 

Miscellaneouws.—Fourteen hospitals have facilities available for simple photography, 
4 for color photography, and 4 for motion pictures. An electrocardiograph is avail- 


able in 17 hospitals. 











AMERICAN ACADEMY OF PEDIATRICS 409 


Diet Kitchen.—Fourteen hospitals employ trained dietitians. Five employ nurses 
in this capacity; the remainder did not reply. In 6 hospitals, diets are arranged by 
both attending physicians and dietitians; in 7, the attending physician alone pre- 
seribes the type of diet. One gains the impression that diets are efficiently super- 
vised in most of these hospitals. 

Social Service——Fourteen hospitals maintain a social service department. All 
but one have a full-time worker in charge, and in most instances these supervisors 
have had special training for that work. 

Fourteen hospitals investigate all patients who are admitted. This is usually done 
by talking to relatives who bring the patients, but by 9 hospitals home visits are 
made. Thirteen hospitals take a complete social history in all cases, which is, by 
7, filed with the medical history. In 4 an abstract is filed. The social service 
investigates the patient’s ability to pay in 14 hospitals. Convalescent homes are 
available for patients from 5 of the hospitals, foster homes for 11 hospitals. Only 
2 consider their facilities for convalescent care to be adequate. 

By 11 hospitals, cases are ‘‘followed’’ after discharge. The social service 
assists in getting patients for recall or ‘‘follow-up’’ in 12 hospitals. Volunteers 
are used for indoor work by 7, for outdoor work by 3. The ward service department 
is supported by hospital funds in 15, by outside funds in 1; the rest do not reply. 
committee in charge of the social service 


Only 2 hospitals have a special ‘‘lay’ 
department, a physician being on this committee in 1 instance. 

General Information (1934).—The following chart reveals the number of cases 
of the more usual contagious diseases admitted to these hospitals during 1934, to- 
gether with the total deaths and the percentage death rate in all hospitals for each 
disease (Exhibit I). 

Only 800 cases of diphtheria were admitted to all hospitals in both regions, and 
of these only 266 were admitted in Region IV. The percentage of deaths was about 
the same for the 2 regions, but slightly higher for Region II than for Region IV. 
Searlet fever deaths show about the same percentage in each region. Measles shows 
an extremely low rate for Region IV, and both regions had lower percentages of 
deaths than did Region III. Pertussis has a very high rate in Region II. Both 
regions are higher than Region III, provided one hospital is omitted which had 
the remarkable record of only 0.4 per cent deaths among 1,824 cases. There were 
no deaths from smallpox in either region. This was also true in Region III. 
There were no deaths from chickenpox in Region IV and only 0.1 per cent in 
Region II, but here again 1 hospital, the same hospital mentioned in connection with 
pertussis, reports no deaths among 1,183 cases. Eliminating these figures, the death 
rate in the rest of the hospitals in Region IV is 3.3 per cent. Percentage of deaths 
for epidemic spinal meningitis is considerably higher in both regions than in 
Region III. Typhoid fever percentages are higher in Region II and lower in 
Region IV than those reported for Region ITI. 

Amebic dysentery occurred with relative infrequency in these two regions con- 
sidering the area of country involved. The percentage of deaths was about the 
same, 7.1 per cent and 6.2 per cent respectively. Region III reported more than 
twice as many cases with no deaths (mortality questionable). 

Bacillary dysentery occurred much more frequently in Region II and the per- 
centage of deaths was almost three times as great. 

Among other diseases listed under miscellaneous, only 2 cases of poliomyelitis 
were reported from Region II with no deaths, but Region IV reported 251 cases 
with 18 deaths, a percentage of 7.1 per cent. Region IV reports 174 cases of 
erysipelas with a death rate of 10.5 per cent. 

As in Region III, other contagious diseases more frequently admitted to the 
contagious hospitals of Region II and IV are encephalitis, mumps, influenza, strepto- 
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ExuHisit I—ContT’p 


VIII. GENERAL INFORMATION—1934 





HOSPITAL AMEBIC DYSENTERY BACILLARY DYSENTERY 
NUMBER | DEATHS CASES DEATHS 
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Per cent of fatal cases 3.29 ; pee 5, . Fig 


coecic throat infections, Vincent’s angina, various forms of meningitis and gonorrheal 
vaginitis in juveniles. None report that syphilitic cases are admitted, but only 2 say 
that they are barred. 


COMMENT 


Regions II and LV include the southern states and the Far West. In this entire 
area, we found only 27 contagious hospitals listed as such. The report is based 
on replies received from 23 hospitals, representing 9 states, 5 in Region IT and 4 in 
Region IV. No city in either of the 2 regions has more than 1 contagious-disease 
institution with the exception of San Francisco, California, which lists 2. Among 
17 hospitals, of the total number reported from Region IV, 12 are found in Cali- 
fornia. The figures indicate that there are states in both Regions II and IV which 
have no contagious-disease hospitals. 

There are only three large hospitals in the 2 regions, each of these having more 
than 300 beds, none more than 475. 

Eighteen of the hospitals employ resident physicians and 6 have an active service 
und employ more than 1 resident physician. Several hospitals unfortunately do not 
require the resident physician to have had previous hospital experience. The larger 
hospitals all require at least one year of previous hospital experience before the 
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applicant can be eligible for that position. All hospitals require their internes 
to have M.D. degrees. Services of one year’s duration or more are available in only 
8 hospitals. 

The contagious hospital is connected with a medical school or affords training to 
medical students or both in the following cities: Atlanta, Ga., Louisville, Ky., 
Memphis, Tenn., Galveston, Tex., Los Angeles, Calif., San Francisco, Calif. (2), 
Portland, Ore., and Salt Lake City, Utah. Facilities for research work are avail- 
able to the resident and home staff in only the larger hospitals and among these 
hospitals, as a rule, the organization, particularly as to clinical laboratory and 
x-ray facilities, appears to be efficient. 

Several hospitals apparently do not take routine throat cultures, vaginal smears, or 
blood counts. We feel that these 3 procedures, at least, should be routine in all 
contagious hospitals. 

Only 8 hospitals have nursing affiliations that afford training in contagious 
nursing. As in Region III, comparatively few nurses contracted a contagious disease 
while working in these hospitals. 

Several hospitals do not report that they have operating rooms in the contagious 
divisions, which we feel are very essential parts of contagious hospitals. 

Fourteen hospitals reported concerning crossed infections. The record shows that 
these were comparatively infrequent. 

Four hospitals among 23 apparently have no facilities for x-ray work. This is a 
serious weakness, although these are small tax-supported institutions as in Region 
III in which the need for x-ray work is probably infrequent. Among the smaller 
hospitals, again the laboratory services often seem inadequate. 

We realize that among small institutions the cost of maintaining a highly 
organized laboratory, nursing and dietary service would probably be prohibitive, 
when the relatively small number of cases admitted yearly is considered. However, 
the patient who is ill of a contagious disease deserves and should have just as 
efficient care as any other sick person. If an institution for the care of contagious 
diseases is to be maintained at all, it should be established and run upon that 
principle. Finally, all of the institutions but two report that their facilities for 
convalescent care are not adequate. 

In general, we might say that most of these institutions seem well equipped and 
are well run. 





Book Review 








Allergy of the Nose and Paranasal Sinuses. By Frencnu K. HAnset, St. Louis, 
1936, The C. V. Mosby Company, 820 pages with 58 text illustrations and 3 color 


plates. 


As stated in the Preface, ‘‘the object of this monograph is to familiarize the 
otolaryngologist with the clinical features of allergy as related to the field of 
otolaryngology, to review the various phases of the subject itself, and to point 
out the frequent association of the nasal with the other manifestations, particularly 
asthma, gastrointestinal allergy, allergic skin diseases, and allergic headache.’’ A 
chapter of twenty-five pages is devoted to allergy and infection of paranasal sinuses 
in children. This chapter should make the book of considerable interest to all 
pediatricians. 

The subject matter is divided into four general sections. Under the major head- 
ing of Fundamental Principles of Paranasal Sinus Diseases, the author discusses the 
physiology, biochemistry, and bacteriology of the nose and paranasal sinuses. The 
pharmacologic action of drugs and the cellular reactions of the tissues in allergy and 
in immunity are described. The second section is devoted to a brief but comprehen- 
sive discussion of the theoretical phases of allergy and anaphylaxis and the funda- 
mental clinical characteristics of allergy. In this section, the author presents the 
conservative, generally accepted ideas which prevail today on this very complex 
and little understood subject. The third section is devoted to clinical manifestations 
of allergy as they are expressed in the nasal and paranasal sinus areas of the body. 
This section of the book probably represents the best efforts of the author, and one 
will find here excellent discussions of diagnosis of these various conditions. Hay 
fever is dealt with as a separate section, but may be included for consideration in 
this section on clinical manifestations. At least as far as children are concerned, 
it seems difficult to separate nasal pollen reactions from those caused by other 
foreign substances. The fourth section is devoted to treatment of these various 
clinieal conditions. 

The form of the book is entirely satisfactory. The type is large, clear, the style is 
simple and direct, though inclusive, and the text is easy to read. There are numerous 
good illustrations which are usually original. There is ample reference to the best 
work of the most conservative workers, and it would seem that very little of im- 
portance in the literature has been missed. Each chapter has an extensive bibliog- 
raphy on that subject. The author has also included to great advantage a résumé, 
representing his opinion of each phase of the subject. This feature makes the book 
extremely useful for rapid reference. Numerous case reports in detail are included 
to illustrate more complex points. These are from the author’s own experience 
in a large otolaryngologic clinic. Part of the pediatric material has been drawn 
from cooperation with the pediatric allergist. 

The work represents a very valuable contribution to this field of medicine. 
It is recognized that only the beginning of allergy is at present understood and 


that many factors are mixed with theory and hypothesis, all of which are influenced by 
personal opinion and experience. These ideas are changing rapidly, and, no doubt, 
many statements in the book will be questioned in some degree. The general prin- 
ciples, however, are all recognized. It would be difficult to find one person who could 


combine in his experience all the phases of this very broad subject. 

The book should be of value to the otolaryngologist, but it would seem to this 
reviewer that it would be still more useful to anyone in clinical medical practice, 
either the internist, the pediatrician, or the general family doctor. The book has con- 
siderable reference value and the information is sufficient to be instructive to anyone. 

H. McC. 
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AND AN APPRECLATION 


APPROACHING the conclusion of 61 
years of service to the medical pro- 
fession, The Maltine Company 
takes this opportunity to express its 
appreciation to the physicians of 
America for their many courtesies 
to The Maltine Company, its rep- 
resentatives, and its products. 
When MALTINE witH Cop 
Liver OIL* was introduced in 1875, 
physicians quickly recognized it as 
an efficient and palatable agent for 
the administration of cod liver oil 
and the food values of the cereals 


contained in the product. 
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As the discovery and knowledge 
of vitamins progressed, it was 
scientifically demonstrated that 
MALTINE witH Cop LIvER OIL 
contains vitamins A, B, D and G. 
Biological tests on animals have 
further indicated that the vitamin 
A value of cod liver oil is enhanced 
wofold when emulsified in Maltine 
as in MALTINE witH Cop LIVER 
OIL. 

The representatives of The 
Maltine Company have unfailingly 
reported cordial reception by 
physicians and a continuously in- 
creasing interest in the product. 
Since MALTINE witH Cop LIVER 
Oi is ethically advertised—solely 
to the medical profession—our in- 
creasing production figures seem to 
indicate consistent prescription by 
physicians throughout the country. 
The Maltine Company, 60 Hudson 


Street, New York City. 
*Maltine 70% , cod liver oil 30% 
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